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Description 

FURANCARBONYLGUANIDINE DERIVATIVES, THEIR 
PREPARATION AND PHARMACEUTICAL COM- 
POSITIONS CONTAINING THEM 
Technical Field 

[1] The present invention relates to furancarbonylguanidne derivatives, a preparation 

method therecf and a pharmaceutical composition comprising the same. 

[2] 

Background Art 

[3] Ischemic heart diseases inducing myocardal infarction, arrhythmia and angina 

pectoris, caused by the myocardal injury and dysfunction that are attributed to 
ischemia/reperfusion, show high mortality and prevalence rate, and can not be 
perfectly cured Thus, intensive scientific and clinical studes on its treatment have 
been made for the past five decades [Wang, QD. et al., (2002) Cardovasc. Res. 55: 
25-37]. 

[4] Ischemia/reperfusion injury is related to various physiological mechanisms such as 

metabolic changes, immune responses, perturbation of ionic homeostasis, oxygen free 
radcals, etc. Thus, in order to understand ischemia/reperfusion injury, studes on 
immune regulators, apoptosis related substances and ion channel regulators, are all 
relevant [Hearse, DJ.(1998) Prog. Cariovasc. Dis. 30: 381-402]. In addtion to the 
studes on mechanisms, new therapeutic approaches and surgical procedures have been 
actively investigated However, any novel technique to protect myocardal cells from 
ischemia/reperfusion has not been acbpted clinically, yet. Even after the reperfusion 
therapy includng surgical operations such as coronary artery bypass graft (CABG) and 
percutaneous transluminal coronary angioplasty (PTCA), and the use cf thrombolytics, 
reperfusion injury such as myocardal infarction, arrhythmia, angina pectoris, decrease 
cf neurocognitive ability, etc, is frequently reported [Robert, M (2003) Ann. Thorac. 
Surg. 75: S700-708]. Therefore, it is an urgent need to develop a safe and effective 
therapy to slow (bwn the progression of myocardal ischemic injury and attenuate the 
injury by reperfusion. 

[5] 

[6] NHEs (sodum-hydrogen exchangers) are ion transporters expressed in a variety of 

cells that maintains intracellular pH homeostasis by the electroneutral exchange of in- 
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tracellular H + for extracellular Na + . 7 iscforms cf NHE have been identified so far, and 
among them, NHE-1, the major subtype in myocardal cells, has been known to be 
deeply involved in ischemia/reperfusion injury [Avkiran, M et. al., (2002) J. Am. Coll. 
Cardol. 39: 747-753]. NHE-1 is generally inacive under normal physiological pH (= 
7.2). Ischemia brings a rapid Ml of intracellular pH (= 6.4), more precisely, the 
production of energy depends on glycolysis under ischemic condtion because of the 
lack of oxygen, resulting in the increase of H + content in the cell. Then, NHE-1 which 
has a proton sensor is activated to extrude H + and to move Na + into the cell resulting in 
the increase of intracellular Na + . Ischemia induced the inhibition Na + /K + ATPase 
which is the primary Na+ extrusion pathway from thecardac myocyte, so that in- 
tracellular Na + is accumulated Such an increase of intracellular Na + alters the 

+ 2+ 

sarcolemmal Na /Ca exchanger (NCX) to the reversal mode in a manner that inhibits 

2+ 2+ 

Ca efflux and/or enhances Ca influx through this bi-drectional mechanism, 

2+ 2+ 

resulting in a pathologic increase in intracellular Ca . This intracellular Ca overload 
is assumed to be involved in ischemic and reperfusion injuries by the decomposition of 
proteins via the activation of protease, phospholipase and encbnuclease, the increase of 
oxygen free radcals via the defect of fat metabolism, and the mutation cf DNA, etc.. 

+ 2+ 

The inhibition cf NHE-1 limits the intracellular Na and Ca overload, which affords 
the presumable mechanism for cardoprotection against ischemia/reperfusion. The 
inhibition of NHE-1 cbes not induce intracellular acicbsis because the increased in- 
tracellular H + can be regulated through another ion transpoters. Amiloride, a pyrazin 
derivative, known as a duretic, is the first known NHE inhibitor [Benos, DJ. (1982) A 
J. Physiol. 242: C131]. Amiloride has been confirmed, in experiments using isolated 
rat hearts, to inhibit NHE-1 and to improve the recovery of cadac function after 
ischemia/reperfusion, but showed side effects at the same time such as the addtional 
inhibition on NHE-2 and sodum channel. Thus, it can not used as a cardoprotective 
agent because of poor selectivity. Studes have been made to dscover a NHE-1 
selective inhibitor, and NHE-1 selective cariporide (HOE-694), a benzoylguanidne 
derivative, has been developed by Hoechst Marion Roussel (Aventis) [Scholz, W. et. 
al., (1993) Br. J. Pharmacol. 109: 562]. Cariporide showed excellent cardac protective 
effect in animal models and also showed significant protective effect in a patient 
undergoing CBGA surgery. M)st NHE-1 inhibitors, known so far, have acylguanidne 
moiety as a pharmacophoric unit such as eniporide, zoniporide, SM-20220, BMS- 
284640, etc. 



[7] 
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[8] Cariporide 
[9] 

[10] The NHE-1 inhibitor has been proven to improve myocardal contractility and 

metabolic status, and to reduce arrhythmia, apoptosis, necrosis, and intracellular 

+ 2+ 

overload of Na and Ca , indicating that it has a cardioprotective effect against 
ischemia/reperfusion injury [Karmazyn, M (2002) Science & Medcine: 18-26]. Thus, 
NHE-1 selective inhibitor can be effectively used for the prevention and the treatment 
cf ischemic heart dseases such as acute myocardal infarction, arrhythmia, angina 
pectoris, etc, and also a promising canddate for a heart protecting agent applied to 
reperfusion therapy or cardac surgery includng coronary artery bypass graft, per- 
cutaneous transluminal coronary angioplasty, etc. 

[11] 

Disclosure of Invention 
Technical Solution 

[12] It is an object of the present invention to provide a novel compound to inhibit NHE- 

1 selectively, to improve myocardal function and to reduce the size of myocardal 
infarction significantly. 

[13] Particularly, it is an object cf the present invention to provide a furancarbonyl- 

guanidne derivative and pharmaceutically acceptable salts thereof . 

[14] It is another object of the present invention to provide a preparation method of the 

furancarbonylguanidne derivative. 

[15] It is a further object of the present invention to provide uses of the furancarbonyl- 

guanidne derivative and pharmaceutically acceptable salts thereof. 

[16] 

Best Mode for Carrying Out the Invention 

[17] In order to achieve the above objects, the present invention provides a novel furan- 

carbonylguanidne derivative, pharmaceutically acceptable salts thered£ a preparation 
method of the same and a pharmaceutical composition containing the same as an 
effective ingredent. 



[18] 
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[19] 
[20] 
[21] 
[22] 

[23] 
[24] 
[25] 



[26] 



[27] 
[28] 



[29] 
[30] 
[31] 
[32] 
[33] 
[34] 
[35] 
[36] 
[37] 
[38] 
[39] 
[40] 
[41] 
[42] 



Hereinafter, the present invention is described in detail. 
I. Furancarbonylguanidine derivatives 

The present invention provides a forancarbonylguaniclne derivative represented by 
the following Formula 1 and pharmaceutically acceptable salts thereof. 

[Formula 1] 



(Wherein, R 1 and R 2 are each independently H, F, CI, Br, I, CF , SO CH , NO , NH 

3 2 3 2 

, C ~C straight or branched alkyl, or OR a . And, R a is H, CF , C ~C straight or 

2 15 3 15 

branched alkyl, or phenyl.) 

The present invention also provides, in addtion to a iurancarbonylguanidne 
derivative represented by the Formula 1 and pharmaceutically acceptable salts thereof 
every possible solvate and hydrate prepared from the same. 

Preferably, the compounds of Formula 1 comprise: 

1 ) [5-(2-fluorophenyl)&ran-2-ylcarbonyl]guanidne, 

2) [5-(3-fluorophenyl)furan-2-ylcarbonyl]guanidne, 

3) [5-(4-fluorophenyl)furan-2-ylcarbonyl]guanidne, 

4) [5-phenylfuran-2-ylcarbonyl]guaniclne, 

5) [5-(2-chlorophenyl)&ran-2-ylcarbonyl]guaniclne, 

6) [5-(3-chlorophenyl)faran-2-ylcarbonyl]guaniclne, 

7) [5-(4-chlorophenyl)&ran-2-ylcarbonyl]guaniclne, 

8) [5-(2-methylphenyl)fiiran-2-ylcarbonyl] guanidne, 

9) [5-(3-methylphenyl)&ran-2-ylcarbonyl]guanidLne, 

1 0) [5-(4-methylphenyl)&ran-2-ylcarbonyl]guaniclne, 

1 1) [5-[2-(trifluoromethyl)phenyl]furan-2-ylcarbonyl]guaniclne, 

12) [5-[3-(trifluoromethyl)phenyl]&ran-2-ylcarbonyl]guanidne, 
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YA1~\ 
|43J 


1 ^ 


P~ 


[4- (trifluoroinethyl)phenyl] furan-2-ylcarbonyl] guani cin e , 


YAAl 


1 ^ 


\jD- 


^z-ineuioxypnenyi jmran-z-y icar oony ij guamcine, 


YAH 


1 ^ 


Y*\ 


^j-ineLnoxypnenyi ^iuran-z-yicarDonyijguaiuaine, 


MAI 


1 #^ 




^-meinoxypneny 1 jiuran-z-y icarDony 1 j g uaiiiaine, 




VI) 


[j- 


^2-iiilTOphenyl)furan-2-ylcarbonyl]guaiii(ine, 


L45J 


1 

18) 


P -1 


[3 -nitropheny l)furan-2-y lcarbonyl] guani dine, 




1 

Vy) 




^-nnxopneny i jiuran-z-y icaroony i j guan i cine, 


puj 


zu J 


P~ 


^z-annnopneny 1 jiuran-z-y icaroony 1 j guani a ne , 


PJJ 


Zl j 




^j-aininopnenyi jiuran-z-y icaroony 1 jguanicme, 


pzj 


ZZ ) 




^-annnopneny i jiuran-z-y icaroony i j guamaine, 


pjj 


ZD ) 




^z-etny ipneny 1 jiuran-z-y icaroony 1 j guamaine, 




OA\ 
Z^f ) 




^z-etnoxypnenyi^iuran-z-yicaroonyijguaniaine, 


P^J 


Zj J 


P~ 


^z-isopropoxypneny i /ruran-z-y icaroony i j guamaine, 


P&J 


ZO) 


[j- 


^z-pnenoxypneny ijiuran-z-y icaroony ij guamcine, 


P/J 


Z/ ) 




^z,o-ciriuoropnenyijiuran-z-yicarDonyijguaniaine, 


P<*J 


Zo) 


P -1 


[3 ,5-clfluorophenyl)&ran-2-ylcarbonyl] guani cine, 


pyj 


zy) 




^z,4-affiuoropnenyi^iuran-z-yicaroonyijguaniaine, 








^Zjj-Quiuoropnenyijmran-z-yicaroonyijguaniaine, 


[OlJ 


j i) 


y*\ 


^z, 3-arruoropneny l^iuran-z-yicar oony ijguaniaine, 




DZ) 


P~ 


^z-cnioro-o-nuoropnenyijiuran-z-y icaroony i j guani cine, 




DD ) 




(2-fluoro-5 -methylphenyl)furan-2-ylcarbonyl] guamcine, 


Y&Al 


ia\ 




^z-metnyi- j-iiuoropnenyi ^iuran-z-yicar oonyij guamcine, 


[CDJ 


jj j 


Y*\ 
ID- 


^z-metnoxyo-iruoropnenyi jiuran-z-y icaroony ij guamcine, 


Looj 






\2 /-L 1 /xt"/xr\ri/xnA 7 1 iti l-f on / / i7lnovr\7ATiA7l l nrii oth rlnm 

^ j, 3 -cicnioropneny i jiuran-z-y icaroony i j guamcine, 


|o/J 


D 1 ) 


P~ 


^z, j-cicnioropnenyi jiuran-z-y icaroony ij guamcine, 


Looj 


DO) 


P -1 


^z,D-cicnioropneny 1 jiuran-z-y icaroony 1 j guamcine, 






P~ 


^z-metnoxy-3 -cnioropnenyi^iuran-z-y icaroony ij guamcine, 


L/uj 


HX)) 


y*\ 


^z-cnioro-3-tnriuoronietnyipnenyi jiuran-z-yicar oony i j guamcine, 


r^i l 


A\ \ 




^z, o-cinietny ipneny i jiuran-z-y icaroony i j guamcine, 


L/zJ 


4Z J 




^j, D-dmexnyipnenyi jiuran-z-y icar oony ij guamcine, 


[73] 


43) 


[5- 


(2,5-dmethylphenyl)fiiran-2-ylcarbonyl]guamcine, 


[74] 


44) 


[5- 


(2,3-dmethylphenyl)furan-2-ylcarbonyl]guaniclne, 


[75] 


45) 


[5- 


(2,6-dmethoxyphenyl)furan-2-ylcarbonyl]guanidne, 


[76] 


46) 


[5- 


(2,3-dmethoxyphenyl)fiiran-2-ylcarbonyl]guanidne, 


[77] 


47) 


[5- 


(2,5-dmethoxyphenyl)furan-2-ylcarbonyl]guanidne, 
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[78] 48) [5-(2-methoxy-5-bromophenyl)&ran-2-ylcarbonyl]guaniclne, 

[79] 49) [5-(2-hydroxy-5-chlorophenyl)furan-2-ylcarbonyl]guanidne, 

[80] 50) [5-(2-ethoxy-5-chlorophenyl)foran-2-ylcarbonyl]guaniclne, and 

[81] 51) [5-(2-isopropoxy-5-chlorophenyl)fiiran-2-ylcarbonyl]guanidLne. 
[82] 

[83] The compounds of the above Formula 1 of the present invention are available in the 



form of pharmaceutical^ acceptable salts, and acid salts prepared using pharma- 
ceutical^ acceptable free acids can be useful as pharmaceutical^ acceptable salts 
above. Whether it is inorganic or organic, a free acid can be used if it is pharma- 
ceutically acceptable. Examples of the inorganic free acid include hydrochloric acid, 
bromic acid, sulfuric acid, sulfiirous acid and phosphoric acid Available organic free 
acids are exemplified by citric acid, acetic acid, malic acid, fumaric acid, gluconic 
acid, methanesulfonic acid, glycolic acid, succinic acid, tartaric acid, 4-toluenesulfonic 
acid, galacturonic acid, embonic acid, glutamic acid, and aspartic acid Preferably, 
methanesulfonic acid and hydrochloric acid are used 
[84] The acid salts of the compound accordng to the present invention can be prepared 

in the conventional method, for example by dissolving the compound of Formula 1 in 
a water-miscible organic solvent such as acetone, methanol, ethanol or acetonitrile, 
addition cf an excess of aqueous acid, and precipitating the salt with. It is also possible 
to prepare them by evaporating the solvent or excess of acid in the mixture, followed 
by drying or filtering off the precipitated salt with suction. 

[85] 

[86] n. Preparation method 

[87] The present invention also provides a preparation method of the fiirancarbonyl- 

guanidne derivative represented by the Formula 1. 
[88] Particularly, the present invention provides a preparation method for fiirancarbonyl- 

guanidlne compound of Formula 1, as shown in the below Scheme 1, in which 

carboxylic acid derivative cf compound II is reacted with guanidine in the presence cf 

base or with excess of guaniclne (preparation method 1). 

[89] 

[90] [Scheme 1] 

[91] 
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<«> (i) 

1 2 

[921 (Wherein, R and R are as defined in Formula 1, and L is a leaving group that is 

easily substituted by guanidine.) 

[93] 

[94] Carboxylic acid derivative II is exemplified by ester, acyl halide and acid anhydride 

derivatives. The ester derivative is alkyl ester (ex, methyl ester or ethyl ester) or active 
ester derivative (ex, p-nitrophenyl ester, N-hydroxysuccinimide ester, or pentaflu- 
orophenyl ester). These carboxylic acid derivatives are prepared with ease from 
carboxylic acid by the conventional method 

[95] 

[96] The present invention provides the other preparation method for the compound cf 

Formula 1, which is the other way to prepare furancarbonylguanidine compound by 
reacting carboxylic acid cf compound HI with guanidine in the presence cf a 
condensing agent, as shown in the below Scheme 2 (preparation method 2). 

[97] 

[98] [Scheme 2] 

[99] 




1 2 

[100] (Wherein, R and R are as defined in Formula 1.) 

[101] 

[102] The preparation method cf a furancarbonylguanidne derivative cf Formula 1 cf the 

present invention is described more precisely hereinafter. 

[103] 
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D4] (1) Preparation method 1 

D5] In the process of preparing the compound of Formula 1, represented in the Scheme 

12 

1, if any cf substituents (R and R ) of carboxylic acid derivative II is highly sensitive 
to the reaction, it should be protected by a suitable protecting group. And after the 
completion cf the reaction represented in the Scheme 1, the protecting group has to be 
removed 

D6] When carboxylic acid derivative II of the Scheme 1 is alkyl ester or active ester, it 
is preferably reacted with stoicheometric amount or excess of guanidne in a suitable 
solvent to give compound I. 

D7] A reaction solvent can be one of alcohol solvents such as methanol, ethanol and 

isopropanol, ether solvents such as tetrahydrofiiran, dioxane and 1,2-dmethoxyethan, 
dmethylfcrmamide (EM 7 ) or a mixed solvent cf the above. Reaction temperature 
ranges from room temperature to boiling point of a solvent. 

D8] When carboxylic acid derivative II of the Scheme 1 is acyl halide or acid anhydride, 
it is preferably reacted with excess of guaniclne in an appopriate solvent or with stoi- 
chiometric amount of guaniclne in the presence of base to give compound I. Both 
inorganic base such as sodium hydroxide, potassium hydroxide, soclum carbonate, etc 
and organic base such as triethylamine, pyridine, etc, are available. 

D9] A reaction solvent can be one cf aromatic hydrocarbon solvents such as benzene, 

toluene, etc, ether solvents such as tetrahydrofiiran, halogenized hydrocarbon solvents 
such as clchloromethane, chloroform, etc, or EM 7 or a mixed solvent of the above. 

10] 

11] (2) Preparation method 2 

12] In the process of preparing the compound cf Formula 1, represented in the Scheme 

1 2 

2, if any of substituents (R and R ) of carboxylic acid derivative HI is highly sensitive 
to the reaction, it should be protected by a protecting group. And after the completion 
cf the reaction represented in the Scheme 1, the protecting group has to be removed 

13] In the Scheme 2, the carboxylic acid compound is reacted with the stoicheometric 
amount or excess cf guaniclne in the presence of a condensating agent in a suitable 
solvent to give compound I. Reaction temperature ranges from room temperature to 
boiling point of a solvent. 

14] A condensing agent can be selected from a group consisting of 

N,N-carbonyldimidazole, dcyclohexylcarbodimide (DCC), disopropylcarboclimide 
(DIPC), l-ethyl-3-(3-clmethylaminopropyl)carbodimide (WSC), dphenylphos- 
phonylazide (DPPA), etc. 
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[115] A solvent can be selected from a group consisting of ether solvents such as 

tetrahydrcfuran, 1,4-cloxane, etc, aromatic hydrocarbon solvents such as benzene, 
toluene, etc, halogenized hydrocarbon solvents such as dichloromethane, chloroform, 
etc, TSs/F or a mixed solvent of the above. 

[116] 

[117] (3) Preparation of a starting material 

[118] When carboxylic acid derivative II used in the Scheme 1 is a methyl ester 

compound (L = OCH ), as shown in the below Scheme 3, it is preferably reacted with 

3 

phenylboronic acid or stanylphenyl derivative compound IV and 5-halcfuran 
compound V in the presence of a metal catalyst, especially a palladium catalyst, which 
is Stille-type coupling or Suzuki-type coupling, to give compound II . 
[119] Alternatively Stille or Suzuki reaction can be applied to give compound 11^ by using 

phenyl compound and faran compound represented as compound VI and compound 
VII in which substituents X and Y are replaced conversely. 

[120] 

[121] [Scheme 3] 

[122] 




(VI) (VII) 

[123] (Wherein, R 1 and R 2 are as defined in Formula 1, in which X is B(OH) , BC1 , BBr , 

2 2 2 

SnBu , SnMe , or ZnCl, and Y is halogen (Br, I, CI) or OSO CF .) 

3 3 2 3 

[124] 

[125] In the Scheme 3, phenylboronic acid or stanylphenyl compound IV, or furylboronic 

acid or stanylfuran compound VII can be purchased or prepared from phenyl halide or 
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5-halduran compound by the conventional method 
[126] As a metal catalyst used in the Scheme 3, palladium, nickel or platinum complex is 
available and palladium catalyst is more preferable among them. As a palladium 
catalyst, Pd(PPh ) , Pd-C, PdCl (PPh ) , Pd (dba) , PdCl (dppf), [PdCl(allyl)] , 

3 4 232232 2 

Pd(OAc) or PdCl is available. 

2 2 

[127] In the Scheme 3, in order to accelerate the reaction and to increase yield, phosphine 

compound such as PPh , P-(o-tolyl) or PBu can be additionally added, and metal salt 

3 3 3 

like lithium chloride, lithium bromide or lithium iodide can also be used as an addtive. 

[128] In the Scheme 3, 1-3 equivalents of base is used for the Suzuki-type reaction. 
Applicable bases are exemplified by tertiary amine organic bases such as tri- 
ethylamine, isopropylethylamine, etc, and inorganic bases such as soclum carbonate, 
potassium carbonate, potassium hydroxide, soclum hydroxide, cesium carbonate, 
barium hydroxide, etc. When an inorganic base is dfficult to dissolve in an organic 
solvent, it is used as an aqueous solution, for which the preferable concentration of the 
inorganic base is 0.5 - 4 M 

[129] In the Scheme 3, a reaction solvent can be used one of ether solvents such as 
tetrahydrafuran, cloxane and 1,2-clmethoxyethane, aromatic hydrocarbon solvents 
such as benzene, toluene and xylene, alcohol solvents such as methanol and ethanol, 
EM 7 , acetonitrille, ethyl acetate or a mixed solvent of the above. Reaction temperature 
ranges from room temperature to boiling point of a solvent. 

[130] Carboxylic acid compound in, a starting material cf Scheme 2, can be prepared by 
hydrolyzing ester compound II , prepared in the Scheme 3, in the presence cf base by 
the conventional method 

[131] Other compounds except methyl ester compound, used as a starting material II in 

the Scheme 1, can be prepared by the same method as described in the Scheme 3 or 
from carboxylic acid compound III by the conventional method 

[132] 

[133] HI. Use 

[134] The present invention also provides a pharmaceutical composition for carclo- 

protection containing fiirancarbonylguanidine derivatives represented by the above 
Formula 1 and their pharmaceutically acceptable salts as an effective ingredent. 

[135] The derivatives and their salts of the present invention have cardioprotective effect 
by inhibiting NHE-1 selectively. Particularly, the compounds of the present invention 
showed potent NHE-1 inhibitory effect in human NHE-1 expressing cells and also 
showed carcloprotective effect in Langencbrff s ischemic heart model using isolated 
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rat heart, cbse-dependently, by improvenment on recovery cf cardac fiinction (left 
ventricular developed pressure, LVDP) from injury caused by reperfusion. The 
compounds cf the present invention also showed strong anti-ischemic activity in 
ischemic myocardal models using anesthetized white rats by decreasing the size cf 
myocardial infarction cbse-dependently. As explained above, the compounds of the 
present invention have excellent NHE-1 inhibitory effect and cardioprotective effect 
after ischemia/reperiusion, in vivo and in vitro as well. Therefore, the compounds of 
the present invention can be effectively used for the prevention and the treatment cf 
ischemic heart diseases such as myocardial infarction, arrhythmia, angina pectoris, etc, 
and also a promising cancldate for a cardoprotective applied to the patients 
undergoing cardac surgery includng coronary artery bypass graft, percutaneous 
transluminal coronary angioplasty, etc. 

[136] 

[137] The compound of the present invention can be administered orally or parenterally 
and be prepared in general forms of pharmaceutical formulation. The compound can 
be prepared for oral or parenteral administration by mixing with generally used fillers, 
extenders, binders, wetting agents, dsintegrating agents, dluents such as surfactants, 
or excipients. Solid formulations for oral administration are tablets, pills, dusting 
powders, granules, capsules and trokeys. The solid formulations are prepared by 
mixing one or more suitable excipients such as starch, calcium carbonate, sucrose or 
lactose, gelatin, etc. Except for the simple excipients, lubricants, for example 
magnesium stearate, talc, etc, can be used Liquid formulations for oral administration 
are suspensions, solutions, emulsions and syrups, and the above mentioned for- 
mulations can contain various excipients such as wetting agents, sweeteners, aromatics 
and preservatives in addtion to generally used simple dluents such as water and liquid 
paraffin. Formulations for parenteral administration are sterilized aqueous solutions, 
water-insoluble excipients, suspensions, emulsions, freeze-drying and suppositories. 
Water insoluble excipients and suspensions can contain, in addtion to the active 
compound or compounds, propylene glycol, polyethylene glycol, vegetable oil like 
olive oil, injectable ester like ethylolate, etc. Suppositories can contain, in addtion to 
the active compound or compounds, witepsol, macrogol, tween 61, cacao butter, laurin 
butter, glycerol and gelatin. 

[138] The effective dbsage cf the compound can be determined accordng to age, weight, 

gender, administration method, health condtion and severity cf a dsease. For 
example, the effective cbse cf the compound for an adult patient having the weight cf 
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70 kg might be 0.1 - 1000 mg/day and 1 - 500 mg/day more preferably. And the ad- 
ministration times are determined by a (factor or a pharmacist to be once a day or a few 
times a day. 

[139] 

Mode for the Invention 

[140] Practical and presently preferred embodiments of the present invention are il- 
lustrative as shown in the following Examples. 

[141] However, it will be appreciated that those skilled in the art, on consideration cf this 

disclosure, may make modfications and improvements within the spirit and scope cf 
the present invention. 

[142] 

[143] The molecular structure cf compounds cf the present invention are confirmed by 

infrared spectroscopy, nuclear magnetic resonance spectroscopy, mass spectroscopy, 
liquid chromatography, X-ray crystallography, polarimetry, and the comparison 
between theoretical value of elementary analysis of a representative compound and ex- 
perimental value of it. 

[144] 

[145] <Preparative Example 1> Preparation cf furan-2-carboxylic acid methyl ester 

derivative 

[146] <!-!> 5-(2-fluorophenyl)furan-2-carboxylic acid methyl ester 

[147] Methyl 5-bromo-2-furoate (300 mg, 1.46 mmol) was dissolved in toluene (6 ml), to 
which 2-fluorophenylboronic acid (246 mg, 1.76 mmol) dissolved in methanol (0.5 ml) 
was added And 2 M Na CO solution (0.8 ml, 1.76 mmol) was added thereto. Catalytic 

2 3 

amount of Pd(PPh ) (51 mg) was also added thereto, followed by stirring at 80°C for 6 

3 4 

hours. 

[148] After completion of the reaction, the solution was diluted with water (20 ml) and 

extracted with ethyl acetate (20 ml x2). The organic layer was washed with brine, 
dried over anhydrous magnesium sulfate (MgSO ), and concentrated in vacuo. The 

4 

residue was purified by silica gel column chromatography (hexane:ethyl acetate = 6:1), 
to give 290 mg cf a title compound (yield : 90%). 
[149] J H NMR(300 MHz, CDC1 ) 5 3.94(s, 3H), 6.93(t, 1H), 7.14-7.34(m, 4H), 7.99(m, 

3 

1H) 

[150] 

[151] <l-2> 5-(3-fluorophenyl')furan-2-carboxylic acid methyl ester 

[152] J H NMR(300 MHz, CDC1 ) 5 3.85(s, 3H), 6.69(d, 1H), 6.97(m, 1H), 7.18(d, 1H), 
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7.3 l(m, 1H), 7.39(dd, 1H), 7.48(d, 1H) 

153] 

154] <l-3> 5-(4-fluorophenyDftiran-2-carboxylic acid methyl ester 

155] J H NMR(300 MHz, CDC1 ) 5 3.92(s, 3H), 6.68(d, 1H), 7.12(dd, 2H), 7.24(d, 1H), 

7.76(dd, 2H) 

156] 

157] <l-4> 5-phenylluran-2-carboxylic acid methyl ester 

158] J H NMR(300 MHz, CDC1 ) 5 3.91(s, 3H), 6.74(d, 1H), 7.25(d, 1H), 7.35-7.46(m, 

3H), 7.8 l(m, 2H) 

159] 

160] <1-5> 5-r2-ch1orophenv1^fiiran-2-carhoxv1ic acid methvl ester 

161] J H NMR(300 MHz, CDC1 ) 5 3.39(s, 3H), 7.21(d, 1H), 7.28(m, 2H), 7.34(dd, 1H), 

3 

7.46(dd, 1H), 7.99(dd, 1H) 

162] 

163] <l-6> 5-(3-chlorophenyl>furan-2-carboxylic acid methyl ester 

164] *H NMR(300 MHz, CDC1 ) 5 3.92(s, 3H), 6.75(d, 1H), 7.24(d, 1H), 7.33(d, 2H), 

7.65(d, 1H), 7.76(d, 1H) 

165] 

166] <l-7> 5-(2-methylphenyl)furan-2-carbQxylic acid methyl ester 

167] J H NMR(200 MHz, CDC1 ) 5 2.52(s, 3H), 3.91(s, 3H), 6.63(d, 1H), 7.25-7.29(m, 

4H), 7.77-7.73(m, 1H) 

168] 

169] <!-§> 5-(3-methylphenyl)furan-2-garbQxylic agid methyl ester 

170] J H NMR(300 MHz, CDC1 ) 5 2.42(s, 3H), 3.94(s, 3H), 6.74(d, 1H), 7.18(d, 1H), 

7.26(d, 1H), 7.33(dd, 1H), 7.60(d, 1H), 7.64(s, 1H) 

171] 

172] <l-9> 5-r4-methvlphenvnfuran-2-carboxvlic acid methvl ester 

173] J H NMR(300 MHz, CDC1 ) 5 2.31(s, 3H), 3.84(s, 3H), 6.61(d, 1H), 7.15(d, 2H), 

7.17(d, lH),7.60(d,2H) 

174] 

175] <1-10> 5-r2-( f trifluoromethyl')phenyllfiiran-2-carboxylic acid methyl ester 

176] ! H NMR(300 MHz, CDC1 ) 5 3.92(s, 3H), 6.79(d, 1H), 7.26(d, 1H), 7.50(t, 1H), 

3 

7.62(t, 1H), 7.80(dd, 2H) 

177] 

178] <1-11> 5-r4-(trifluoromethyl')phenyllftiran-2-carboxylic acid methyl ester 
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[179] J H NMR(300 MHz, CDC1 ) 5 3.93(s, 3H), 6.85(d, 1H), 7.27(d, 2H), 7.67(d, 2H), 

7.89(d, 2H) 

[180] 

[181] <1-12> 5-(2-methoxyphenyDfiiran-2-carboxylic acid methyl ester 

[182] 'H NMR(300 MHz, CDC1 ) 5 3.91(s, 3H), 3.95(s, 3H), 6.97(d, 1H), 7.03(d, 1H), 

7.06(d, 1H), 7.26(d, 1H), 7.32(m, 1H), 8.01(dd, 1H) 

[183] 

[184] <1-13> 5-G-methoxyphenyDfiiran-2-carboxylic acid methyl ester 

[185] *H NMR(300 MHz, CDC1 ) 5 3.86(s, 3H), 3.91(s, 3H), 6.73(d, 1H), 6.73-6.92(m, 

1H), 7.24(d, 1H), 7.29-7.36(m, 3H) 

[186] 

[187] <1-14> 5-r4-methoxvphenvnfuran-2-carboxvlic acid methyl ester 

[188] ] H NMR(300 MHz, CDC1 ) 5 3.85(s, 3H), 3.91(s, 3H), 6.61(d, 1H), 6.94(d, 1H), 

7.24(d, lH),7.71(d,2H) 

[189] 

[190] <1-15>5-n-nitrophenv1 > )fiiran-2-carhoxvlic acidmethvl ester 

[191] J H NMR(300 MHz, CDC1 ) 5 3.95(s, 3H), 6.91(4 1H), 7.29(d, 1H), 7.71(dd, 1H), 

3 

7.98(dd, 1H), 8.31(dd, 1H), 8.51(d, 1H) 

[192] 

[193] <1-16> 5-(2-ethylphenyl')luran-2-carboxylic acid methyl ester 

[194] ] H NMR(300 MHz, CDC1 ) 5 1.25(t, 3H), 2.86(q, 2H), 3.91(s, 3H), 6.60(d, 1H), 

7.24-7.36(m, 4H), 7.65(d, 1H) 

[195] 

[196] <1-17> 5-(2-ethQxyphenyl)fUran-2-carb<?xylic acid methyl ester 

[197] 'H NMR(300 MHz, CDC1 ) 5 1.53(t, 3H), 3.91(s, 3H), 4.17(q, 2H), 6.95(d, 1H), 

7.03(dd, 1H), 7.07(d, 1H), 7.29(m, 2H), 8.02(dd, 1H) 

[198] 

[199] <1-18> 5-(2-isQpr9pQxyphenyl)fUran-2-carbQxylic acid methyl ester 

[200] J H NMR(300 MHz, CDC1 ) 5 1.43(d, 6H), 3.91(s, 3H), 4.71(m, 1H), 6.99(m, 2H), 

7.08(d 1H), 7.25(d, 1H), 7.29(dd, 1H), 8.02(dd, 1H) 

[201] 

[202] <1-19> 5-(2-phenoxyphenyl')fiiran-2-carboxylic acidmethvl ester 

[203] J H NMR(300 MHz, CDC1 ) 5 3.91(s, 3H), 6.93(d, 1H), 7.00(m, 3H), 7.13(dd, 1H), 

7.20-7.38(m, 5H), 8.10(dd, 1H) 

[204] 
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5] <l-20> 5-(2.3-dchlorophenylYfuran-2-carboxyric acid methyl ester 

6] *H NMR(300 MHz, CDC1 ) 5 3.93(s, 3H), 7.23-7.33(m, 3H), 7.48(dd, 1H), 

3 

7.90(dd, 1H) 

7] 

8] <1-21> 5-(3.5-dchlorophenyDfuran-2-carboxylic acid methyl ester 

9] J H NMR(300 MHz, CDC1 ) 5 3.93(s, 3H), 6.78(d, 1H), 7.25(d, 1H), 7.33(dd, 1H), 

7.65(d 2H) 

0] 

1] <l-22> 5-f3.5-dmethylphenyl')ftiran-2-carboxylic acid methyl ester 

2] J H NMR(300 MHz, CDC1 ) 5 2.36(s, 6H), 3.92(s, 3H), 6.70(d 1H), 6.99(s, 1H), 

7.24(d 1H), 7.41 (s, 2H) 

3] 

4] <l-23> 5-f2.5-dmethoxvphenynfiiran-2-carboxvlic acid methyl ester 

5] J H NMR(300 MHz, CDC1 ) 5 3.85(s, 3H), 3.90(s, 3H), 3.91(s, 3H), 6.87(m, 2H), 

7.05(d 1H), 7.25(s, 1H), 7.54(d, 1H) 

6] 

7] <l-24> 5-r2-fluoro-5-methvlphenvnfuran-2-carboxvlic acidmethvl ester 

8] ] H NMR(300 MHz, CDC1 ) 5 2.38(s, 3H), 3.93(s, 3H), 6.91(t, 1H), 7.02(m, 1H), 

7.1 l(m, 1H), 7.27(d, 1H), 7.78(d, 1H) 

9] 

0] <l-25> 5-r2-methvl-5-fluorophenvnfiiran-2-carboxvlic acidmethvl ester 

1] 'H NMR(200 MHz, CDC1 ) 5 2.48(s, 3H), 3.92(s, 3H), 6.67(m, 2H), 7.20(m, 1H), 

3 

7.27(d, 1H), 7.49(dd, 1H) 

2] 

3] <l-26> 5-(2-methoxv-5-fluorophenvltfaran-2-carboxvlic acid methyl ester 

4] ] H NMR(300 MHz, CDC1 ) 5 3.92(s, 3H), 3.93(s, 3H), 6.90(dd, 1H), 7.00(m, 1H), 

7.07(d 1H), 7.25(d, 1H), 7.71(dd, 1H) 

5] 

6] <l-27> 5-r2-meth<?xy-g-chlQr9phenyl)furan-2-carbQxylic agid methyl ester 

7] J H NMR(200 MHz, CDC1 ) 5 3.93(s, 3H), 3.94(s, 3H), 6.90(d, 1H), 7.05(d, 1H), 

3 

7.26(m, 1H), 7.98(d, 1H) 

8] 

9] <l-28> 5-(2.6-cffluorophenyltfuran-2-carboxyric acid methyl ester 

0] Methyl 5-bromo-2-ftiroate (300 mg, 1.46 mmol) and 2,6-dfluorophenylboronic 
acid (277.3 mg, 1.76 mmol) were dssolved in EME (8 ml), to which Ba(OH) .H O 

2 2 
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(416 mg, 2.20 mmol) in H O (2.7 ml) was added Catalytic amount of Pd(dppf).CH CI 

2 * 2 2 

(56 mg) was also added thereto. The reaction mixture was heated at 80°C for 12 hours. 
[231] After completion of the reaction, the solution was added with water (20 ml) and 

extracted with ethyl acetate (20 ml x2). The organic layer was washed with brine, 
dried over anhydrous magnesium sulfete (MgSO ), and concentrated in vacuo. The 

4 

residue was purified by silica gel column chromatography (hexane: ethyl acetate = 
20:1), to give 35 mg of a title compound (yield : 10%). 
[232] *H NMR(200 MHz, CDC1 ) 5 3.93(s, 3H), 6.90(m, 1H), 7.00(m, 2H), 7.26-7.31(m, 

2H) 

[233] 

[234] <l-29> 5-(2,3-ctfluorophenyl)furan-2-carboxylic acid methyl ester 

[235] *H NMR(200 MHz, CDC1 ) 5 3.93(s, 3H), 6.97(dd, 1H), 7.18(m, 2H), 7.28(d, 1H), 

3 

7.75(m, 1H) 

[236] 

[237] <l-30> 5-(2.5-dfluorophenyl)iuran-2-carboxylic acid methyl ester 

[238] *H NMR(200 MHz, CDC1 ) 5 3.93(s, 3H), 6.95-7.17(m, 3H), 7.27(d, 1H), 7.68(m, 

3 

1H) 

[239] 

[240] <1-31> 5-(3,5-<ffltt9rpphgnyl)fUran-2-carbQxylig acid methyl ester 

[241] J H NMR(300 MHz, CDC1 ) 5 3.93(s, 3H), 6.78(d, 1H), 6.81(m, 1H), 7.25(d, 1H), 

7.29(m, 2H) 

[242] 

[243] <l-32> g-(2 < g-cjchlQrQphgnyl)lUran-2-garbQxylig acid methyl ester 

[244] J H NMR(300 MHz, CDC1 ) 5 3.93(s, 3H), 7.21-7.28(m, 2H), 7.26(d, 1H), 7.39(d, 

1H), 7.98(d, 1H) 

[245] 

[246] <l-33> 5-(2.6-dmethvlphenvnfuran-2-carboxvlic acid methvl ester 

[247] J H NMR(300 MHz, CDC1 ) 5 2.35(s, 3H), 2.37(s, 3H), 3.91(s, 3H), 6.56(d, 1H), 

7.18(m, 2H), 7.27(d, 1H), 7.48(dd, 1H) 

[248] 

[249] <l-34> 5-(2.3-cimethylphenyl')ftiran-2-carboxylic acid methyl ester 

[250] ! H NMR(300 MHz, CDC1 ) 5 2.34(s, 3H), 2.37(s, 3H), 3.91(s, 3H), 6.55(d, 1H), 

3 

7.13-7.21(m, 2H), 7.27(d 1H), 7.48(dd, 1H) 

[251] 

[252] <l-35> 5-(2.5-dmethylphenyl')fiiran-2-carboxylic acid methyl ester 



WO 2005/063727 



17 



PCT/KR2004/003435 



[253] J H NMR(300 MHz, CDC1 ) 5 2.36(s, 3H), 2.47(s, 3H), 3.92(s, 3H), 6.61(d, 1H), 

7.08(d, 1H), 7.15(d, 1H), 7.27(d, 1H), 7.59(s, 1H) 

[254] 

[255] <l-36> 5-(2.6-dmethoxyphenyDfuran-2-carboxylic acid methyl ester 

[256] 'H NMR(300 MHz, CDC1 ) 5 3.80(s, 6H), 3.89(s, 3H), 6.60(m, 3H), 7.29(m, 2H) 

[257] 

[258] <l-37> 5-(2.3-dmethoxyphenyDfiiran-2-carboxylic acid methyl ester 

[259] J H NMR(200 MHz, CDC1 ) 5 3.87(s, 3H), 3.90(s, 3H), 3.91(s, 3H), 6.92(dd, 1H), 

7.08(d 1H), 7.13(dd, 1H), 7.27(d, 1H), 7.57(dd, 1H) 

[260] 

[261] <1-38> 5-r2-ch1oro-6-fluorophenv1^fiiran-2-carhoxv1ic acidmethvl ester 

[262] J H NMR(300 MHz, CDC1 ) 5 3.93(s, 3H), 6.79(dd, 1H), 7.10(m, 1H), 7.25-7.34(m, 

3 

3H) 

[263] 

[264] <l-39> 5-(2-methoxy-54jromophenyDfai^-2-carboxylic acid methyl ester 

[265] *H NMR(300 MHz, CDC1 ) 5 3.93(s, 3H), 3.94(s, 3H), 6.85(d, 1H), 7.04(d, 1H), 

7.25(d 1H), 7.39(dd, 1H), 8.1 l(d, 1H) 

[266] 

[267] <1-4Q> 5-(2-hydrQxy-5-chlQrQphenyl)furan-2-carbQxylic acid methyl ester 

[268] 5-(2-methoxy-5-chlorophenyl)fiiran-2-carboxylic acid methyl ester (200 mg, 0.75 
mmol) was dssolved in CH CI (3 ml), to which 1.65 ml of BBr (1 M CH CI 

2 2 3 2 2 

solution) (1.65 mmol) was added at 0°C, followed by stirring at room temperature for 3 
hours. 

[269] After completion of the reaction, the solution was added with 20 ml of NaHCO 

3 

aqueous solution and extracted with ethyl acetate (30 ml x2). The organic layer was 
washed with brine, dried over anhydrous magnesium sulfite (MgSO ), and con- 

4 

centrated in vacuo. The residue was purified by silica gel column chromatography 
(hexane:ethyl acetate = 20:1), to give 121 mg of a title compound (yield : 64%). 
[270] J H NMR(300 MHz, CDC1 ) 5 3.93(s, 3H), 6.91(m, 2H), 7.03(br-s, 1H), 7.18(dd,l 

H), 7.29(d, 1H), 7.68(d, 1H) 

[271] 

[272] <1-41> 5-(2-ethoxv-5-chlorophenvl)fiiran-2-carboxvlic acid methyl ester 

[273] 5-(2-hydroxy-5-chlorophenyl)faran-2-carboxylic acid methyl ester (100 mg, 0.4 

mmol) was dssolved in TSNF (1.5 ml), to which K CO (82 mg, 0.59 mmol) and 

2 3 

iocbethane (38 jyJL 9 0.47 mmol) were added, followed by stirring at room temperature 
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for 3 hours. 

[274] After completion of the reaction, the solution was diluted with water (20 ml) and 
extracted with ethyl acetate (20 ml x2). The organic layer was washed with brine, 
dried over anhydrous magnesium sulfite (MgSO ), and concentrated in vacuo. The 

4 

residue was purified by silica gel column chromatography (hexane: ethyl acetate = 
10:1), to give 84 mg of a title compound (yield : 75%). 
[275] *H NMR(300 MHz, CDC1 ) 5 1.54(t, 3H), 3.93(s, 3H), 4.15(q, 2H), 6.88(d,l H), 

7.09(d, 1H), 7.24(dd, 1H), 7.25(d, 1H), 7.98(d, 1H) 

[276] 

[277] <l-42> 5-r2-isopropoxy-5-chlorophenyl > )fiiran-2-carboxylic acid methyl ester 

[278] *H NMR(300 MHz, CDC1 ) 5 1.41(s, 3H), 1.43(s, 3H), 3.92(s, 3H), 4.67(m, 1H), 

6.89(d, 1H), 7.09(d, 1H), 7.22(dd, 1H), 7.25(d, 1H), 7.89(d, 1H) 

[279] 

[280] <Example 1> Preparation cf r5-(2-fluorophenyl)furan-2-ylcarbonyl]guanidne 

methanesulfonate 

[281] Na (4.6 g, 0.2 mol) was slowly added into methanol (100 ml). Guanidine hy- 
drochloride (19.1 g, 0.2 mol) was added thereto, and the mixture was stirred at room 
temperature for one hour. The precipitated white solid was removed by filtering, 
resulting in 2 M of free guanidine base methanol solution. 

[282] 5-(2-fluorophenyl)furan-2-carboxylic acid methyl ester (200 mg, 0.91 mmol) was 

dissolved in methanol (4 ml), to which 2 M guanicine (2.7 ml, 5.4 mmol) methanol 
solution was added, and the mixture was heated at reflux for 12 hours. After 
completion cf the reaction, the solution was added with saturated brine (20 ml) and 
extracted with ethyl acetate (30 ml x3). The organic layer was washed with 10% brine, 
dried over anhydrous magnesium sulfite (MgSO ), and concentrated in vacuo. The 

4 

residue was dissolved in acetone (4 ml), to which methanesulfonic acid (0.2 ml) was 
added and then cooled cbwn to 0°C to precipitate solid The precipitated solid was 
collected by filtration to give 169 mg cf a title compound (yield: 54%). 
[283] ! H NMR(300MHz, EMSO-d ) 5 2.39(s, 3H), 7.14(d, 1H, J=3Hz), 7.55-7.39(m, 

3H), 7.69(d, 1H, J=3Hz), 8.13-8.08(m, 1H), 8.41(s-br, 4H), 11.19(s-br, 1H) 

[284] 

[285] <Example 2> Preparation of [5-r3-fluorophenvl)furan-2-vlcarbonvl]guanidne 

[286] 5-(3-fluorophenyl)&ran-2-carboxylic acid methyl ester (250 mg, 1.14 mmol) was 

dssolved in EM 7 (3 ml), to which 2 M guanidne solution (3.4 ml, 6.8 mmol) 
prepared in Example 1 was added, followed by stirring at room temperature for 2 
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hours. After completion cf the reaction, the solution was added with saturated brine 
(20 ml) and extracted with ethyl acetate (30 ml x3). The organic layer was washed 
with 10% brine, dried over anhydrous magnesium sulfite (MgSO ), and concentrated 

4 

in vacuo. The residue was purified by silica gel column chromatography (5% 
methanol/dchloromethane), to give 252 mg of a title compound (yield : 89%). 
[287] ! H NMR(300MHz, CD OD) 5 6.95(d, 1H), 7.07(m, 1H), 7.19(d, 1H), 7.43(m, 1H), 

7.67(m, 2H) 

[288] 

[289] <Example 3> Preparation of r5-r4-fluorophenyDfiiran-2-ylcarbonynguanidne 

[290] 5-(4-fluorophenyl)iuran-2-carboxylic acid methyl ester (220 mg, 1.0 mmol) was 

dissolved in methanol (4 ml), to which 2 M guanidne solution (3.0 ml, 6.0 mmol) 
prepared in Example 1 was added, and the mixture was heated at reflux for 12 hours. 
After completion cf the reaction, the solution was added with saturated brine (20 ml) 
and extracted with ethyl acetate (30 ml x3). The organic layer was washed with 10% 
brine, dried over anhydrous magnesium sulfite (MgSO ), and concentrated in vacuo. 

4 

The residue was purified by silica gel column chromatography (5% methanol/ 
dchloromethane), to give 127 mg cf a title compound (yield : 51%). 

[291] ! H NMR(300MHz, EMSO) 5 6.99(d, 1H), 7.07(d, 1H), 7.29(dd, 2H), 7.82(dd, 2H) 

[292] 

[293] <Example 4> Preparation of [5-phenylfiiran-2-ylcarbonyll guanidne methane- 

sulfonate 

[294] 66 mg (yield : 46%) of a title compound was obtained by using 

5-phenyliuran-2-carboxylic acid methyl ester (128 mg, 0.63 mmol) and 2 M guanidne 
methanol solution (1.89 ml, 3.78 mmol) accordng to the method used in the Example 
1. 

[295] *H NMR(200MHz, D O) 5 2.81 (s, 3H), 6.97 (d, 1H, J=3.7 Hz), 7.45 (d, 1H, J=3.7 

Hz), 7.52-7.46 (m, 3H), 7.85-7.80 (m, 2H) 

[296] 

[297] <Example 5> Preparation of [5-(2-chlorophenyl)furan-2-ylcarbonyl] guanidne 

[298] 176 mg (yield : 94%) of a title compound was obtained by using 

5-(2-chlorophenyl)fiiran-2-carboxylic acid methyl ester (167 mg, 0.71 mmol) and 2 M 
guanidne methanol solution (2.1 ml, 4.2 mmol) accordng to the method used in the 
Example 2. 

[299] ! H NMR(300MHz, CD OD) 5 7.22(m, 2H), 7.32(dd, 1H), 7.42(dd, 1H), 7.50(d, 

1H), 8.13(d, 1H) 
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[300] 

[301] <Example 6> Preparation of [5-(3-chlorophenvl)ftiraQ-2-vlcarbonvl]guanidLne 

[302] 139 mg (yield : 47%) of a title compound was obtained by using 

5-(3-chlorophenyl)fiiran-2-carboxylic acid methyl ester (265 mg, 1.12 mmol) and 2 M 
guaniclne methanol solution (3.4 ml, 6.8 mmol) accordng to the method used in the 
Example 3. 

[303] 'H NMR(300MHz, CD OD) 5 6.89(d, 1H), 7.15(d, 1H), 7.22-7.34(m, 2H), 7.68(d, 

3 

1H), 7.83(s, 1H) 

[304] 

[305] <Example 7> Preparation cf [5-(4-chlorophenyl > )ftiran-2-ylcarbonyl]guanicine 

methanesulfonate 

[306] 5-(4-chlorophenyl)furan-2-carboxylic acid (208 mg, 0.93 mmol) was dissolved in 

THF (5 ml), to which l,l'-carbonyldimidazole (CDI) (182 mg, 1.12 mmol) was added, 
and the mixture was stirred at room temperature for 30 minutes. 2 M guaniclne 
solution (2.73 ml, 5.45 mmol) prepared in Example 1 was added thereto, and the 
mixture was reacted at room temperature for 12 hours. After completion of the 
reaction, the solution was added with saturated brine (20 ml) and extracted with ethyl 
acetate (30 ml x3). The organic layer was washed with 10% brine, dried over 
anhydrous magnesium suliate (MgSO ), and concentrated in vacuo. The residue was 

4 

dissolved in acetone (4 ml), to which methanesulfonic acid (0.2 ml) was added and 
then cooled cbwn to 0°C to precipitate solid The precipitated solid was collected by 
filtration to give 234 mg of a title compound (yield : 70%). 

[307] 'H NMR(300MHz, EMSO-d ) 6 6.81(d,2H), 7.08(d,lH), 7.33(d,2H), 7.75(d,2H) 

[308] 

[309] <Example 8> Preparation cf [5-( r 2-methvlphenvDfiiran-2-vlcarbonvl]guanicine 

methanesulfonate 

[310] 316 mg (yield : 94%) cf a title compound was obtained by using 

5-(2-methylphenyl)furan-2-carboxylic acid (200 mg, 1.0 mmol), CDI (193 mg, 1.19 
mmol) and 2 M guanidne methanol solution (2.97 ml, 5.94 mmol) accordng to the 
method used in the Example 7. 

[311] *H NMR(300MHz, EMSO-d ) 5 2.21(s, 3H), 2.50(s, 3H), 6.57(d, 1H, J=3Hz), 

7.07(d, 1H, J=3Hz), 7.07(m, 3H), 7.80(m, 1H) 

[312] 

[313] <Example 9> Preparation of [5-(3-methylphenyl)furan-2-ylcarbonyl] guanidne 

[314] 96 mg (yield : 39%)of a title compound was obtained by using 
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5-(3-methylphenyl)iuran-2-carboxylic acid methyl ester (215 mg, 1.0 mmol) and 2 M 
guanidne methanol solution (3 ml, 6.0 mmol) according to the method used in the 
Example 3. 

[315] ! H NMR(300MHz, CD OD) 5 2.41(s, 3H), 6.86(d, 1H), 7.15(s, 1H), 7.18(d, 1H), 

7.31(dd, lH),7.73(s, 1H) 

[316] 

[317] <Example 10> Preparation cf r5-(4-methylphenyDftiran-2-ylcarbonyll guanidne 

methanesulfonate 

[318] 52 mg (yield : 14%)of a title compound was obtained by using 

5-(4-methylphenyl)&ran-2-carboxylic acid methyl ester (233 mg, 1.08 mmol) and 2 M 
guanidne methanol solution (3.2 ml, 6.4 mmol) accordng to the method used in the 
Example 1. 

[319] ! H NMR(300MHz, EMSO) 5 2.54(s, 6H), 7.41(d, 1H), 7.52(d, 2H), 7.80(d, 1H), 

8.03(d, 2H), 8.53(br-s, 4H) 

[320] 

[321] <Example 11> Preparation cf [5-[2-(trifluoromethyl)phenyl]furan-2-ylcarbonyl] 

guanidne methanesulfonate 
[322] 190 mg (yield : 62%) cf a title compound was obtained by using 

5-(2-trifluoromethylphenyl)furan-2-carboxylic acid (312 mg, 1.22 mmol), CDI (237 

mg, 1.46 mmol) and 2 M guanidne methanol solution (3.7 ml, 7.4 mmol) accordng to 

the method used in the Example 7. 
[323] ! H NMR(300MHz, EMSO-d ) 5 2.36(s, 3H), 7.07(d, 1H, J=3Hz), 7.69(d, 1H, 

6 

J=3Hz), 7.97-7.73(m, 4H), 8.34(s-br, 4H), 11.25(s-br, 1H) 

[324] 

[325] <Example 12> Preparation cf r5-r3-( r trifluoromethvDphenvnftiran-2-vlcarbonvn 

guanidne methanesulfonate 
[326] 212 mg (yield : 69%) cf a title compound was obtained by using 

5-[3-(trifluoromethyl)phenyl]furan-2-carboxylic acid (200 mg, 0.78 mmol), CDI (152 

mg, 0.93 mmol) and 2 M guanidne methanol solution (2.3 ml, 4.6 mmol) accordng to 

the method used in the Example 7. 
[327] J H NMR(300MHz, EMSO-d ) 8 2.34(s, 3H), 7.54(d, 1H, J=3Hz), 7.67(d, 1H, 

J=3Hz), 7.84-7.76(m, 2H), 8.28(m, 2H), 8.34(s-br, 4H) 

[328] 

[329] <Example 13> Preparation cf [5-[4-(trifluoromethyl)phenyl]furan-2-ylcarbonyl] 

guanidne 
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[330] 98 mg (yield : 35%) cf a title compound was obtained by using 

5-[4-(trifluoromethyl)phenyl]&ran-2-carboxylic acid methyl ester (252 mg, 0.93 
mmol) and 2 M guanidne methanol solution (2.8 ml, 5.6 mmol) according to the 
method used in the Example 3. 

[331] ! H NMR(300MHz, EMSO) 5 7.22(s, 1H), 7.27(4 1H), 7.82(d, 2H), 8.03(d, 2H) 

[332] 

[333] <Example 14> Preparation cf [5-f2-methoxyphenyl > )fiiran-2-ylcarbonyll guanidne 

methanesulfonate 

[334] 104 mg (yield : 49%) of a title compound was obtained by using 

5-(2-methoxyphenyl)faran-2-carboxylic acid methyl ester (191 mg, 0.82 mmol) and 2 
M guanidne methanol solution (2.5 ml, 5.0 mmol) accordng to the method used in the 
Example 3. 

[335] ! H NMR(300MHz, CD OD) 5 3.97(s, 3H), 7.03-7.1 l(m, 3H), 7.23(d, 1H), 7.33(m, 

1H), 8.10(dd, 1H) 

[336] 

[337] <Example 15> Preparation cf [5-(3-methoxyphenyl)furan-2-ylcarbonyl] guanidne 

methanesulfonate 

[338] 12 mg (yield : 4%) cf a title compound was obtained by using 

5-(3-methoxyphenyl)furan-2-carboxylic acid methyl ester (200 mg, 0.86 mmol) and 2 
M guanidne methanol solution (2.6 ml, 5.2 mmol) accordng to the method used in the 
Example 1. 

[339] ! H NMR(300MHz, EMSO-d ) 5 2.34(s, 3H), 3.85(s, 3H), 7.07(d, 1H, J=9Hz), 

6 

7.36(d, 1H, J=3Hz), 7.56-7.43(m, 3H), 7.66(d, 1H, J=3Hz), 8.36(s-br, 4H), 11.07(s-br, 
1H) 

[340] 

[341] <Example 16> Preparation of [5-(4-methoxyphenyl)furan-2-ylcarbonyl] guanidne 

methanesulfonate 

[342] 111 mg (yield : 71%) cf a title compound was obtained by using 

5-(4-methoxyphenyl)faran-2-carboxylic acid (97 mg, 0.44 mmol), CDI (86 mg, 0.53 
mmol) and 2 M guanidne methanol solution (1.3 ml, 2.6 mmol) accordng to the 
method used in the Example 7. 

[343] J H NMR(300MHz, EMSO-d ) 5 2.20(s, 3H), 3.68(s, 3H), 6.96(d, 2H, J=9Hz), 

6 

7.02(d, 1H, J=3Hz), 7.54(d, 1H, J=3Hz), 7.77(d, 2H, J=9Hz), 8.19(s-br, 4H), 
11.51(s-br, 1H) 

[344] 
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[345] <Example 17> Preparation cf r5-f2-nitrophenyl)faran-2-ylcarbonyl1guaiiidne 

methanesulfonate 

[346] 146 mg (yield : 62%) cf a title compound was obtained by using 

5-(2-nitrophenyl)iuran-2-carboxylic acid (200 mg, 0.86 mmol), CDI (167 mg, 1.03 
mmol) and 2 M guanidne methanol solution (2.6 ml, 5.2 mmol) accordng to the 
method used in the Example 7. 

[347] *H NMR(300MHz, EMSO-d ) 5 2.38(s, 3H), 7.13(d, 1H, J=3Hz), 7.70(d, 1H, 

6 

J=3Hz), 7.79(t, 1H, J=9Hz, 6Hz), 7.96(t, 1H, J=9Hz, 6Hz), 7.99(d, 1H, J=9Hz), 8.09(d, 
1H, J=9Hz), 8.36(s-br, 4H), 11.84(s-br, 1H) 

[348] 

[349] <Example 18> Preparation of [5-(3-nitrophenyl)furan-2-ylcarbonyl] guanidne 

[350] 49 mg (yield : 45%) cf a title compound was obtained by using 

5-(3-nitrophenyl)&ran-2-carboxylic acid methyl ester (100 mg, 0.4 mmol) and 2 M 
guanidne methanol solution (1.2 ml, 2.4 mmol) accordng to the method used in the 
Example 3. 

[351] ! H NMR(300MHz, EMSO-d ) 5 7.38(d, 1H, J=3.3Hz), 7.45(d, 1H, J=3.6Hz), 

7.79(t, 1H), 8.24(t, 2H), 8.55(s, 1H) 

[352] 

[353] <Example 19> Preparation cf [5-(4-nitrophenyl)furan-2-ylcarbonyl] guanidne 

[354] 205 mg (yield : 58%) of a title compound was obtained by using 

5-(4-nitrophenyl)&ran-2-carboxylic acid (300 mg, 1.29 mmol), CDI (250 mg, 1.54 

mmol) and 2 M guanidne methanol solution (3.9 ml, 7.8 mmol) accordng to the 

method used in the Example 7. 
[355] *H NMR(300MHz, EMSO) 5 7.02(br-s, 2H), 7.08(d, 1H), 7.65(br-s, 1H), 8.00(d, 

2H), 8.31(d, 2H) 

[356] 

[357] <Example 20> Preparation cf [5-f2-aminophenvDfuran-2-vlcarbonvl] guanidne 

[358] 235 mg (yield : 94%) cf a title compound was obtained by using 

5-(2-aminophenyl)furan-2-carboxylic acid methyl ester (223 mg, 1.03 mmol) and 2 M 
guanidne methanol solution (3.1 ml, 6.2 mmol) accordng to the method used in the 
Example 2. 

[359] ! H NMR(300MHz, CD OD) 5 6.70-6.75(m, 2H), 6.83(dd, 1H), 7.09(m, 1H), 

3 

7.21(d, 1H), 7.56(dd, 1H) 

[360] 

[361] <Example 21> Preparation of [5-(3-aminophenyl)fiiran-2-ylcarbonyl] guanidne 



WO 2005/063727 



24 



PCT/KR2004/003435 



[362] 75 mg (yield : 81%) cf a title compound was obtained by using 

5-(3-aminophenyl)iuran-2-carboxylic acid methyl ester (83 mg, 0.38 mmol) and 2 M 
guanidne methanol solution (1.15 ml, 2.3 mmol) accordng to the method used in the 
Example 2. 

[363] *H NMR(300MHz, CD OD) 5 6.69(m, 1H), 6.78(d, 1H), 7.11-7.22(m, 4H) 

[364] 

[365] <Example 22> Preparation cf [5-(4-aminophenyD:(uran-2-ylcarbonyll guanidne 

[366] 150 mg (yield : 84%) cf a title compound was obtained by using 

5-(4-aminophenyl)&ran-2-carboxylic acid methyl ester (159 mg, 0.73 mmol) and 2 M 
guanidne methanol solution (2.2 ml, 4.4 mmol) accordng to the method used in the 
Example 2. 

[367] 'H NMR(300MHz, CD OD) 5 6.59(d, 1H), 6.73(dd, 2H), 7.15(d, 1H), 7.60(dd, 

3 

2H) 

[368] 

[369] <Example 23> Preparation cf [5-f2-ethylphenyl > )fiiran-2-ylcarbonyll guanidne 

[370] 68 mg (yield : 32%) of a title compound was obtained by using 

5-(2-ethylphenyl)fiiran-2-carboxylic acid methyl ester (188 mg, 0.82 mmol) and 2 M 
guanidne methanol solution (2.5 ml, 5.0 mmol) accordng to the method used in the 
Example 3. 

[371] ! H NMR(300MHz, CD OD) 5 1.22(t, 3H), 2.90(q, 2H), 6.68(d, 1H), 7.23(d, 1H), 

7.29(m, 3H), 7.73(d, 1H) 

[372] 

[373] <Example 24> Preparation cf r5-(2-ethoxyphenyl)furan-2-ylcarbonyl] guanidne 

[374] 93 mg (yield : 40%) cf a title compound was obtained by using 

5-(2-ethoxyphenyl)furan-2-carboxylic acid methyl ester (207 mg, 0.84 mmol) and 2 M 
guanidne methanol solution (2.5 ml, 5.0 mmol) accordng to the method used in the 
Example 3. 

[375] *H NMR(300MHz, CD OD) 5 1.53(t, 3H), 4.20(q, 2H), 7.01-7.09(m, 3H), 7.21(d, 

1H), 7.29(dd, 1H), 8.11(dd, 1H) 

[376] 

[377] <Example 25> Preparation cf r5-f24sopropoxyphenyDluran-2-ylcarbonyl1 

guanidne 

[378] 231 mg (yield : 95%) cf a title compound was obtained by using 

5-(2-isopropoxyphenyl)foran-2-carboxylic acid methyl ester (215 mg, 0.83 mmol) and 
2 M guanidne methanol solution (2.5 ml, 5.0 mmol) accordng to the method used in 
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the Example 2. 

[379] ! H NMR(300MHz, CD OD) 5 1.42(d, 6H), 4.79(m, 1H), 7.04(dd, 1H), 7.08(m, 

3 

2H), 7.20(d, 1H), 7.28(dd, 1H), 8.11(dd, 1H) 

[380] 

[381] <Example 26> Preparation of [5-(2-phenoxyphenyl)faran-2-ylcarbonyllguanidne 

[382] 251 mg (yield : 88%) of a title compound was obtained by using 

5-(2-phenoxyphenyl)furan-2-carboxylic acid methyl ester (256 mg, 0.87 mmol) and 2 
M guanidne methanol solution (2.6 ml, 5.2 mmol) accordng to the method used in the 
Example 2. 

[383] ! H NMR(300MHz, CD OD) 5 6.94-7.02(m, 4H), 7.13(m, 2H), 7.26-7.38(m, 4H), 

8.22(dd, 1H) 

[384] 

[385] <Example 27> Preparation of r5-f2.6-dfluorophenvnfuran-2-vlcarbonvl 1 guanidne 

[386] 35 mg (yield : 79%) of a title compound was obtained by using 

5-(2,6-dfluorophenyl)iuran-2-carboxylic acid methyl ester (40 mg, 0.17 mmol) and 2 
M guanidne methanol solution (0.5 ml, 1.0 mmol) accordng to the method used in the 
Example 2. 

[387] 'H NMR(300MHz, CD OD) 5 6.86(d, 1H), 7.09(m, 2H), 7.21(d, 1H), 7.39(m, 1H) 

[388] 

[389] <Example 28> Preparation cf [5-G.5-dfluorophenyl)luran-2-ylcarbonyl 1 guanidne 

[390] 243 mg (yield : 89%) of a title compound was obtained by using 

5-(3,5-dfluorophenyl)&ran-2-carboxylic acid methyl ester (245 mg, 1.03 mmol) and 2 
M guanidne methanol solution (3.1 ml, 6.2 mmol) accordng to the method used in the 
Example 2. 

[391] *H NMR(300MHz, EMSO) 5 7.04(d, 1H), 7.21(m, 2H), 7.49(d, 2H) 

[392] 

[393] <Example 29> Preparation cf [5-f2.4-dfluorophenvnfuran-2-vlcarbonvl 1 guanidne 

methanesulfonate 

[394] 369 mg (yield : 81%) of a title compound was obtained by using 

5-(2,4-dfluorophenyl)furan-2-carboxylic acid methyl ester (300 mg, 1.26 mmol) and 2 
M guanidne methanol solution (3.8 ml, 7.6 mmol) accordng to the method used in the 
Example 1. 

[395] J H NMR(300MHz, EMSO-d ) 5 2.37(s, 3H), 7.18(t, 1H), 7.34(ddd, 1H), 7.51(ddd, 

1H), 7.67(d, 1H), 8.37(br-s, 4H), 11.17(br-s, 1H) 

[396] 
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[397] <Example 30> Preparation cf r5-(2.5-dfluorophenyl > )fiiran-2-ylcarbonyl 1 guanidne 

[398] 190 mg (yield : 85%) of a title compound was obtained by using 

5-(2,5-dfluorophenyl)iuran-2-carboxylic acid methyl ester (200 mg, 0.84 mmol) and 2 
M guaniclne methanol solution (2.5 ml, 5.0 mmol) accorclng to the method used in the 
Example 2. 

[399] ! H NMR(300MHz, CD OD) 5 6.96(dd, 1H), 7.07(m, 1H), 7.20(m, 2H), 7.88(m, 

3 

1H) 

[400] 

[401] <Example 31> Preparation of r5-f23-dfluorophenyDfuran-2-ylcarbonyl Iguanidine 

[402] 104 mg (yield : 93%) of a title compound was obtained by using 

5-(2,3-dfluorophenyl)furan-2-carboxylic acid methyl ester (100 mg, 0.42 mmol) and 2 
M guanidne methanol solution (1.3 ml, 2.6 mmol) accordng to the method used in the 
Example 2. 

[403] ! H NMR(300MHz, CD OD) 5 6.96(dd, 1H), 7.24(m, 3H), 7.89(m, 1H) 

[404] 

[405] <Example 32> Preparation cf [5-(2-chloro-6-fluorophenyl)furan-2-ylcarbonyl] 

guanidne 

[406] 41 mg (yield : 77%) of a title compound was obtained by using 

5-(2-chloro-6-fluorophenyl)furan-2-carboxylic acid methyl ester (48 mg, 0.19 mmol) 
and 2 M guanidne methanol solution (0.6 ml, 1.2 mmol) accordng to the method used 
in the Example 2. 

[407] ! H NMR(300MHz, CD OD) 5 6.75(d, 1H), 7.20(m, 2H), 7.42(m, 2H) 

3 

[408] 

[409] <Example 33> Preparation of [5-(2-fluoro-5-methylphenyl)furan-2-ylcarbonyl] 

guanidne 

[410] 161 mg (yield : 87%) of a title compound was obtained by using 

5-(2-fluoro-5-methylphenyl)&ran-2-carboxylic acid methyl ester (166 mg, 0.71 mmol) 
and 2 M guanidne methanol solution (2.1 ml, 4.2 mmol) accordng to the method used 
in the Example 2. 

[411] 'H NMR(300MHz, CD OD) 5 2.38(s, 3H), 6.87(t, 1H), 7.02-7.14(m, 2H), 7.19(d, 

1H), 7.94(dd, 1H) 

[412] 

[413] <Example 34> Preparation cf r5-r2-methyl-5-fluorophenyl > )furan-2-ylcarbonyn 

guanidne 

[414] 299 mg (yield : 91%) cf a title compound was obtained by using 
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5-(2-methyl-5-fluorophenyl)iuran-2-carboxylic acid methyl ester (296 mg, 1.26 mmol) 
and 2 M guanidne methanol solution (3.8 ml, 7.6 mmol) accordng to the method used 
in the Example 2. 

[415] ! H NMR(300MHz, CD OD) 52.48(s, 3H), 6.79(d, 1H), 6.98(m, 1H), 7.20(d, 1H), 

7.27(m, 1H), 7.68(dd, 1H) 

[416] 

[417] <Example 35> Preparation cf r5-(2-methoxy-5-fluorophenyl)ftiran-2-ylcarbonyn 

guanidne 

[418] 187 mg (yield : 87%) of a title compound was obtained by using 

5-(2-methoxy-5-fluorophenyl)foran-2-carboxylic acid methyl ester (196 mg, 0.78 
mmol) and 2 M guanidne methanol solution (2.4 ml, 4.8 mmol) accordng to the 
method used in the Example 2. 

[419] ! H NMR(300MHz, CD OD) 5 3.94(s, 3H), 7.04(m, 2H), 7.08(d, 1H), 7.17(d, 1H), 

7.87(dd, 1H) 

[420] 

[421] <Example 36> Preparation cf [5-(3,5-dchlorophenyl)furan-2-ylcarbonyl ] guanidne 

[422] 200 mg (yield : 75%) cf a title compound was obtained by using 

5-(3,5-dchlorophenyl)&ran-2-carboxylic acid methyl ester (240 mg, 0.89 mmol) and 2 
M guanidne methanol solution (2.7 ml, 5.4 mmol) accordng to the method used in the 
Example 2. 

[423] *H NMR(300MHz, EMSO) 5 7.05(d, 1H), 7.23(d, 1H), 7.52(d, 1H), 7.80(d, 2H) 

[424] 

[425] <Example 37> Preparation cf r5-(2,3-dchlorophenyl)furan-2-ylcarbonyl ] guanidne 

[426] 120 mg (yield : 84%) cf a title compound was obtained by using 

5-(2,3-dchlorophenyl)&ran-2-carboxylic acid methyl ester (131 mg, 0.48 mmol) and 2 
M guanidne methanol solution (1.5 ml, 3.0 mmol) accordng to the method used in the 
Example 2. 

[427] *H NMR(300MHz, EMSO) 5 7.21(d, 1H), 7.34(d, 1H), 7.59(dd, 1H), 7.75(dd, 

1H), 7.98(dd, 1H) 

[428] 

[429] <Example 38> Preparation cf f5-r2.5-dchlorophenyl > >fiiran-2-ylcarbonyl 1 guanidne 

[430] 125 mg (yield : 84%) cf a title compound was obtained by using 

5-(2,5-dchlorophenyl)&ran-2-carboxylic acid methyl ester (135 mg, 0.5 mmol) and 2 
M guanidne methanol solution (1.5 ml, 3.0 mmol) accordng to the method used in the 
Example 2. 
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[431] J H NMR(300MHz, EMSO) 5 7.09(d, 1H), 7.27(d, 1H), 7.43(dd, 1H), 7.60(d, 1H), 

7.94(d, 1H) 

[432] 

[433] <Example 39> Preparation cf r5-f2-methoxv-5-chlorophenvnfiiran-2-vlcarbonvn 

guanidne 

[434] 184 mg (yield : 92%) cf a title compound was obtained by using 

5-(2-methoxy-5-chlorophenyl)iuran-2-carboxylic acid methyl ester (182 mg, 0.68 
mmol) and 2 M guanidne methanol solution (2.1 ml, 4.2 mmol) accordng to the 
method used in the Example 2. 

[435] ! H NMR(300MHz, CD OD) 5 3.95(s, 3H), 7.06(m, 2H), 7.16(d, 1H), 7.27(dd, 1H), 

8.13(d, 1H) 

[436] 

[437] <Example 4Q> Preparation of 

[5-(2-chloro-5-trifluoromethylphenyl)furan-2-ylcarbonyl ] guanidne methanesulfonate 
[438] 320 mg (yield : 90%) cf a title compound was obtained by using 

5-(2-chloro-5-trifluoromethylphenyl)furan-2-carboxylic acid (242 mg, 0.83 mmol), 

CDI (148 mg, 0.91 mmol) and 2 M guanidne methanol solution (2.5 ml, 5.0 mmol) 

accordng to the method used in the Example 7. 
[439] ! H NMR(200MHz, D O) 5 2.74 (s, 3H), 7.50 (d, 1H, J=3.7 Hz), 7.64 (d, 1H, J=3.9 

Hz), 7.72 (d, 1H), 7.74-7.72 (m, 2H), 8.38 (s, 1H) 

[440] 

[441] <Example 41> Preparation cf [5-(2,6-dmethylphenyl)furan-2-ylcarbonyl ] 

guanidne 

[442] 181 mg (yield : 88%) cf a title compound was obtained by using 

5-(2,6-dmethylphenyl)iuran-2-carboxylic acid methyl ester (185 mg, 0.8 mmol) and 2 
M guanidne methanol solution (2.4 ml, 4.8 mmol) accordng to the method used in the 
Example 2. 

[443] J H NMR(300MHz, CD OD) 5 2.34(s, 3H), 2.37(s, 3H), 6.60(d, 1H), 7.14(m, 2H), 

7.19(d, 1H), 7.52(dd, 1H) 

[444] 

[445] <Example 42> Preparation cf f5-(3.5-dmethylphenyl > >fiiran-2-ylcarbonyl 1 

guanidne 

[446] 197 mg (yield : 92%) cf a title compound was obtained by using 

5-(3,5-dmethylphenyl)foran-2-carboxylic acid methyl ester (190 mg, 0.83 mmol) and 
2 M guanidne methanol solution (2.5 ml, 5.0 mmol) accordng to the method used in 
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the Example 2. 

[447] ! H NMR(300MHz, CD OD) 5 2.32(s, 6H), 6.80(d, 1H), 6.96(s, 1H), 7.14(d, 1H), 

3 

7.47(s, 2H) 

[448] 

[449] <Example 43> Preparation of r5-(2,5-dmethylphenyl)ftiran-2-ylcarboiiyl ] 

guanidne 

[450] 230 mg (yield : 94%) of a title compound was obtained by using 

5-(2,5-clmethylphenyl)furan-2-carboxylic acid methyl ester (220 mg, 0.95 mmol) and 
2 M guanidne methanol solution (2.9 ml, 5.8 mmol) accordng to the method used in 
the Example 2. 

[451] 'H NMR(300MHz, CD OD) 5 2.35(s, 3H), 2.46(s, 3H), 6.68(d, 1H), 7.07(d, 1H), 

7.15(d, 1H), 7.19(d, 1H), 7.71(s, 1H) 

[452] 

[453] <Example 44> Preparation cf [5-(2,3-dmethylphenyl)furan-2-ylcarbonyl ] 

guanidne 

[454] 195 mg (yield : 92%) of a title compound was obtained by using 

5-(2,3-dmethylphenyl)&ran-2-carboxylic acid methyl ester (191 mg, 0.83 mmol) and 
2 M guanidne methanol solution (2.5 ml, 5.0 mmol) accordng to the method used in 
the Example 2. 

[455] ! H NMR(300MHz, CD OD) 5 2.34(s, 3H), 2.38(s, 3H), 6.60(d, 1H), 7.11-7.20(m, 

3H), 7.52(dd, 1H) 

[456] 

[457] <Example 45> Preparation cf r5-(2,6-dmethoxyphenyl)furan-2-ylcarbonyl ] 

guanidne 

[458] 51 mg (yield : 53%) of a title compound was obtained by using 

5-(2,6-dmethoxyphenyl)faran-2-carboxylic acid methyl ester (90 mg, 0.34 mmol) and 
2 M guanidne methanol solution (1.0 ml, 2.0 mmol) accordng to the method used in 
the Example 2. 

[459] ! H NMR(300MHz, CD OD) 5 3.77(s, 6H), 6.49(d, 1H), 6.69(d, 2H), 7.19(d, 1H), 

7.35(d, 1H) 

[460] 

[461] <Example 46> Preparation cf [5-(23-dmethoxvphenvDfuran-2-vlcarbonvl 1 

guanidne 

[462] 317 mg (yield : 83%) of a title compound was obtained by using 

5-(2,3-cimethoxyphenyl)faran-2-carboxylic acid methyl ester (346 mg, 1.32 mmol) 



WO 2005/063727 



30 



PCT/KR2004/003435 



and 2 M guanidne methanol solution (4.0 ml, 8.0 mmol) accordng to the method used 
in the Example 2. 

[463] J H NMR(300MHz, CDOD) 5 3.84(s, 3H), 3.88(s, 3H), 7.00(dd, 1H), 7.05(d, 1H), 

7.13(dd, 1H), 7.19(d, 1H), 7.66(dd, 1H) 

[464] 

[465] <Example 47> Preparation cf [5-(2 1 5-dmethoxyphenyl)furan-2-ylcarbonyl ] 

guanidne 

[466] 143 mg (yield : 76%) of a title compound was obtained by using 

5-(2,5-dLmethoxyphenyl)&ran-2-carboxylic acid methyl ester (172 mg, 0.65 mmol) 
and 2 M guanidne methanol solution (2.0 ml, 4.0 mmol) accordng to the method used 
in the Example 2. 

[467] *H NMR(300MHz, CD OD) 5 3.84(s, 3H), 3.89(s, 3H), 6.87(dd, 1H), 7.00(d, 1H), 

3 

7.04(d, 1H), 7.18(d, 1H), 7.7 l(d, 1H) 

[468] 

[469] <Example 48> Preparation cf [5-f2-methoxy-5-bromophenyl > )fiiran-2-ylcarbonyll 

guanidne 

[470] 138 mg (yield : 89%) cf a title compound was obtained by using 

5-(2-methoxy-5-bromophenyl)&ran-2-carboxylic acid methyl ester (143 mg, 0.46 
mmol) and 2 M guanidne methanol solution (1.4 ml, 2.8 mmol) accordng to the 
method used in the Example 2. 

[471] *H NMR(300MHz, CD OD) 5 3.96(s, 3H), 7.04(m, 2H), 7.16(m, 2H), 7.41(d, 1H), 

8.27(s, 1H) 

[472] 

[473] <Example 49> Preparation cf [5-(2-hydroxy-5-chlorophenyl)furan-2-ylcarbonyl] 

guanidne methanesulfonate 
[474] 73 mg (yield : 30%) cf a title compound was obtained by using 

5-(2-hydroxy-5-chlorophenyl)&ran-2-carboxylic acid methyl ester (167 mg, 0.66 

mmol) and 2 M guanidne methanol solution (2 ml, 4.0 mmol) according to the method 

used in the Example 1. 

[475] 'H NMR(300MHz, CD OD) 5 2.68(s, 3H), 6.9 l(d, 1H), 7.20(dd, 1H), 7.27(d, 1H), 

3 

7.55(d, 1H), 7.99(d, 1H) 

[476] 

[477] <Example 50> Preparation cf r5-r2-ethoxy-5-chlorophenyDfiiran-2-ylcarbonyn 

guanidne 

[478] 74 mg (yield : 93%) cf a title compound was obtained by using 
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5-(2-ethoxy-5-chlorophenyl)iuran-2-carboxylic acid methyl ester (72 mg, 0.26 mmol) 
and 2 M guanidne methanol solution (0.77 ml, 1.54 mmol) accordng to the method 
used in the Example 2. 

[479] ! H NMR(300MHz, CD OD) 5 1.54(t, 3H), 4.20(q, 2H), 7.06(d, 1H), 7.12(d, 1H), 

7.19(d, 1H), 7.27(dd, 1H), 8.15(d, 1H) 

[4801 

[481] <Example 51> Preparation cf r5-(2-isopropoxy-5-chlorophenyDfiiran-2-ylcarbonyl 

1 guanidne 

[482] 122 mg (yield : 91%) cf a title compound was obtained by using 

5-(2-isopropoxy-5-chlorophenyl)faran-2-carboxylic acid methyl ester (123 mg, 0.42 
mmol) and 2 M guanidne methanol solution (1.26 ml, 2.52 mmol) accordng to the 
method used in the Example 2. 

[483] J H NMR(300MHz, CD OD) 5 1.42(s, 3H), 1.44(s, 3H), 4.78(m, 1H), 7.07(d, 1H), 

7.12(d, 1H), 7.19(d, 1H), 7.26(dd, 1H), 8.15(d, 1H) 

[484] 

[485] Following experiments were performed to investigate pharmacological actions of 
the compounds cf Formula 1 cf the present invention. 

[486] 

[487] Experimental Example 1> NHE-1 inhibitory effect 

[488] Following experiments were performed to investigate NHE-1 inhibitory effect of 

test samples in cells. 

[489] Particularly, human NHE-1 was expressed in PS 120 cells originated from CCL39. 

The cells were cultured in EMEM (Dulbecco's modfied Eagle's medum) medum 
supplemented with 10% fetal bovine serum, 1% penicillin/streptomycin (100X 
solution) and 1% L-glutamine (200 mM aqueous solution). PS120/NHE-1 cells which 
were 80-90% grown on a 100 mm dsh were treated with trypsin. Then, the cells were 
washed once with PBS (phosphate buffer saline) and once again with Na-free buffer 
(138.2 mM choline chloride, 4.9 mM KC1, 1.5 mM CaCl .2H O, 1.2 mM MgSO .7H 

2 2 4 2 

O, 1.2 mM KH PO , 15 mM D-glucose, 20 mM HEPES, at pH 7.4). After cen- 

2 4 

trifugation, a precipitate was suspended in Na-free buffer containing 20 mM NH CI 

4 

and 10 uM BCECF-AM (2 , ,7'-bis(2-carboxyethyl)-5,6-carboxy-fluorescein ace- 
toxymethyl ester), which was cultured in a 37°C, CO incubator for 30 minutes. In 

2 

order to eliminate NH CI and to wash out BCECF-AM remaining outside cf cells, 

4 

PS120/NHE-1 cells were centrifuged and washed once with Na-free buffer. Cell con- 
centration cf the suspension was adjusted to 2.5x10 4 cells/10 and the suspension 
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was stored at 4°C in a dark room. 180 fd cf HBS buffer (137 mM NaCl, 4.9 mM KC1, 
1.5 mM CaCl .2H O, 1.2 mM MgSO .7H O, 1.2 mM KH PO , 15 mM D-glucose, 20 

2 2 4 2 2 4 

mM HEPES, at pH7.4) and 10 pJl cf EMSO or the same amount cf a compound in 
EMSO (0.03 - 10 uM) were distributed in each well of a 96-well plate and mixed well. 
10 fd cf acidfied PS120/NHE-1 cells were added thereto, followed by stirring. After 4 
minutes from the cell addition, fluorescence (Excitation 485/444 nm, Emission 535 
nm) was measured with a spectrofluorophotometer (XEMINI-XS; M)lecular Device) 
for 96-well plate. The measured fluorescent values were converted into pH by using 
high-K + /nigericin technique. The acidfied cells by NH CI prepulse were recovered by 

4 

the action of NHE-1. At that time, the concentration cf a compound to inhibit 50% cf 
the recovery from intracellular acidfication was determined (IC ), in order to measure 

50 

NHE-1 inhibitory effect. In the meantime, cariporide was used as a control. 
[4901 Results were shown in Table 1. 

[491] 

[492] [Table 1] 

[493] NHE-1 inhibitory effect 

[494] 
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[495] 

[496] As shown in the above Table 1, IC of the control compound cariporide was 1.0 

50 

uM, suggesting its excellent NHE-1 inhibitory activity. IC values of the compounds 
of Example 2, 4, 5, 6, 8, 9, 11, 14, 23, 24, 25, 26, 28, 30, 33, 34, 35, 36, 37, 38, 39, 41, 
42, 43, 44, 47, 48, 49, 50 and 51 were all below 5 uM, inclcating that they have NHE- 
1 inhibitory activity. In particular, those compounds cf Example 5, 6, 8, 14, 23, 24, 26, 
28, 30, 33, 34, 35, 36, 38, 39, 43, 48, 49, 50 and 51 showed IC values under 1 uM, 

50 

indicating that they have similar or significantly greater NHE-1 inhibitiory activity 
than cariporide. And the compounds cf Example 38, 39, 48, 49, 50 and 51 showed 10 
times as excellent as cariporide on NHE-1 inhibition, whose IC values were all under 

50 

0.1 uM 

[497] The compounds of the present invention can be effectively used as a cardio- 
protective agent against ischemia/reperfusion injury owing to their strong NHE-1 
inhibitory effect. 
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[498] 

[499] <Experimental Example 2> NHE-3 inhibitory effect 

[500] In order to investigate the selectivity on NHE-1 cf each compound, following ex- 

periments were performed to measure NHE-3 inhibitory effect cf them. 

[501] PS 120 cell line expressing NHE-3 was prepared And NHE-3 inhibitory effect cf 

each compound was investigated by the same method as described in the Experimental 
Example 1. 

[502] 

[503] [Table 2] 

[504] NHE-3 inhibitory effect 

[505] 
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[506] 

[507] Although the compounds of the present invention showed strong NHE-1 inhibitory 
effect, they had very weak potency on NHE-3 even at the high concentration cf 30 uM 
In particular, the compounds of Example 2, 4 and 6 showed no NHE-3 inhibitory 
effect at all even at the high concentration cf 30 uM, even though they had excellent 
NHE-1 inhibitory effect (their IC values were 1.9, 4.4 and 0.6 uM, respectively). The 

50 

above results inclcate that the compounds cf the present invention have high se- 
lectivity to NHE-1. 

[508] 

[509] Experimental Example 3> Cardoprotective effect on isolated ischemic rat heart 

model 

[510] The experiment confirming whether the compounds cf Formula 1 had the protective 

effect (antiischemic effect) on isolated ischemic rat heart was accomplished in the 
below. 

[511] 100 mg/kg cf sodium pentobarbital was injected into abcbminal cavity cf white 

male rats (300 ~ 450 g, obtained from the experimental animal team cf the Korea 
Research Institute cf Chemical Technology) to anesthetize them. Then, an intravenous 
injection of 1000 U/kg of heparin was performed before isolating their hearts. Par- 
ticularly, cannula (PE 240) was inserted in the trachea, and artificial respiration was 
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tried upon the rats by using a rodent ventilator. Under that condition, aortic cannula 
was inserted into the aorta and the heart was excised under retrograde perfusion. The 
excised heart was hung on Langendbrff apparatus quickly and unnecessary tissues on 
the heart were removed Perfusion was induced under static pressure (85 mmHg) with 
37°C modfied Krebs-Henseleit bicarbonate buffer (composition <mM/L>: 116 NaCl, 
4.7 KC1, LI MgSO , 1.17 KH PO , 24.9 NaHCO , 2.52 CaCl , 8.32 Glucose, 2.0 

4 2 4 3 2 

Pyruvate) saturated with 95% O 15% CO . A metal cannula, to which a latex balloon 

2 2 

filled with an ethanol-clstilled water mixture (1:1 vol/vol) was linked, was inserted 
into left ventricle through pulmonary vein. Then, left ventricular pressure transmitted 
through the balloon was transduced by using pressure transducer, and amplified by 
using Plugsys bridge amplifier isovolumetrically. Then, the pressure was recorded in a 
recorder (Linearcorder mark 8 WR 3500). Thereafter, the heart was stabilized for 15 
minutes. Then, left ventricular end diastolic pressure (LVEDP) was given by 5 mmHg 
and such volume of the balloon was kept all through the experiments. 
[512] Baseline left ventricular developing pressure (LVDP), heart rate (HR), and 

coronary flow (CF) were measured LVDP was calculated by substracting LVSP (left 
ventricular peak systolic pressure) from LVEDP (left ventricular end diastolic 
pressure). Double product RPP (rate-pressure product), another important parameter 
for indirectly assessing cardiac contratile function in Langencbrff heart, whose cardiac 
output could not be measured ordinarily, was calculated by multiplying HR by LVDP. 
Throughout the experiment, total coronary blood flow was measured by the use of 
coronary flow probe (dameter: 1.0 mm) installed in aortic cannula with elec- 
tromagnetic flowmeter. Temperature of heart was steadily maintained by immersing 
the heart at 37°C in physiological saline solution to which 95% O 15% CO was 

2 2 

constantly supplied After stabilization for 15 min, the hearts were pre-treated for 10 
min with vehicle (0.04% EMSO) or the compound of the present invention or control 
material. Thereafter, LVDP, HR (heart rate) and CF (coronary flow) were repeatedly 
measured Global ischemia was induced by completely shutting off the perfusate for 
30 min. Then, the hearts were reperfused and, 30 min later, the parameters for cardiac 
functions (LVDP, HR and CF) were repeatedly measured For a negative control, 
vehicle was treated only, and cariporide was used as a control. 

[513] 

[514] [Table 3] 

[515] 
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[516] 

[517] As shown in the Table 3, in negative control, reperfusion RPP (Double Product 

parameter, LVDP X HR), an index for contractility function, was decreased to 15.5% 
of pre-treatment RPP, and LVEDP, another index for cardioprotective activity, was 
significantly increased to 55.3 mmHg from 5 mmHg. 

[518] In 10 uM cf cariporide treated group, reperfusion contractile iunction (RPP, LVDP 
x HR) was 73.5% to the basal value before the induction cf global ischemia, which 
was significantly improved compared to the negative control group. LVEDP was 22.4 
mmHg, significantly lower than control. In 1 uM and 3 uM cf cariporide treated 
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groups, reperfusion contractile function was significantly improved dbse-dependently 
compared to the negative control group. 
[519] The compounds cf the present invention showed excellent cardioprotective activity 

to ischemic heart isolated from a white rat. Especially, the compounds cf Example 2, 
4, 6, 8, 9 and 49 showed better improvement cf cardac function (RPP, LVEDP) than 
cariporide in a cbse depedent manner. The compounds cf Example 5, 11, 14, 23, 24, 
25, 28, 30, 39 and 42 significantly recovered cardiac contractility as RPP over 40%, 
comparied to negative control (15.5%). In addtion to cardiac contractility, according 
to LVEDP index, the compounds of the present invention also showed significant car- 
dioprotective activity. In conclusion, the compounds cf the present invention improve 
the recovery of heart function from cardiac dysfunction caused by ischemia/ 
reperfusion injury, indicating that they have excellent protective effect on ischemic 
heart. Therefore, the compounds cf the present invention can be effectively used as a 
preventive and a treating agent for ischemic cardiovascular dseases. 

[520] 

[521] Experimental Example 4> Cardoprotective effect on in vivo ischemic rat heart 

model 

[522] In order to investigate if compounds of Formula 1 of the present invention could 

protect ischemic heart in vivo, antiischemic effects on white rat hearts were examined 
as follows. 

[523] 75 mg/kg cf sodium pentobarbital was injected into abcbminal cavity of white male 
rats (350 - 450 g, Laboratory Animal Division, Korea Research Institute of Chemical 
Technology) to anesthetize them. After performing tracheotomy, artificial respiration 
was performed by 10 m£/kg of stroke volume and 60/min. of heart rate. Cannula was 
inserted into each of vena fermoralis and aorta fermoralis, through which medicines 
were administered and blood pressure was measured In the meantime, since body 
temperature in a ischemic myocardial injury model was very important factor, directly 
influencing a result, the temperature cf a rat was always kept at 37°C by using a probe 
for measuring body temperature inserted in rectum and homeothermic blanket control 
unit. Mean arterial blood pressure and heart rate (HR) of the rat were measured all 
through the experiments. Statham P23XL pressure transducer (Grass Ins., MA, USA) 
was used for measuring blood pressure and ECG/RATE Coupler (Hugo Sachs 
Electronic, Germany) was used for measuring HR. In addtion, all the changes were 
recorded successively by graphtec linearcorder chart recorder (Graphtec Linearcorder 
WR 3310, Hugo Sachs Electronic). 
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[524] According to the method of Selye H, left coronary aorta was occluded as follows. 

Left thoracotomy was performed That is, the chest cf a rat was a little opened The 
right chest of the anesthetized rat was pressurized by the middle finger of left hand, so 
that the heart was pushed out. The heart was fixed gently by the thumb and the index 
finger cf the left hand A stitch was carefiilly put on a part inducing left anterior 
descending coronary artery (LAD) by a suture needle with operating thread (5-0 silk 
ligature), and the heart was quickly positioned again in thoracic cavity. Then, both 
ends of operating thread were exposed outside. Both ends cf operating thread were 
passed through PE tube (PE100, 2.5 cm) and left for 20 minutes for stabilization. A 
vehicle or a medicine was administered through the cannula inserted in femoral vein, 
which was left for 30 minutes in order for the medicine to work thoroughly. Cariporide 
was used for a control group. 

[5251 PE tube threaded on a string was pushed in the heart and the string near the eclge of 

the tube was pulled by hemostatic pincette to stick PE tube vertically to coronary 
artery, which was pressurized 45 minutes later, the coronary artery was occluded 
Hemostatic pincette was removed and reperfiision went for 90 minutes. 

[526] The coronary artery was reoccluded according to the above method and 2 m£ cf 1% 

Evans blue solution was administered by intravenous injection. The white rat was 
sacrificed by the over-cbse of pentobarbital, which was intravenously injected The 
heart was taken and right ventricle and both atria were removed Left ventricle was 
5—6 slice cut horizontally from apex, and each slice was weighed The surface of each 
slice was inputted in a computer by using Hi-scope, a compact micro vision system, 
and Image pro plus program, from which both normal blood flow tissue area stained 
by blue and non-stained area on each slice was measured The ratio cf non-stained area 
to the gross area of each slice was calculated, by which the weight of each slice was 
multiplied to calculate AAR (area at risk) cf each slice. All the AARs were added up, 
which was then divided by the total weight of left ventricle, resulting in the percentage 
cf AAR(%) represented in the below Mathematical Formula 1. 

[527] 

[528] [Mathematical Formula 1] 

[529] AAR(%) = (Sum of AAR of each slice)/(Total weight of left 

ventricle) x 100 

[530] 

[531] The heart slice was cultivated for 15 minutes in 1% 2,3,5-triphenyltetrazolium 

chloride(TTC) phosphate buffer (37°C, pH 7.4), then was fixed for 20-24 hours in 
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10% formalin solution. 2,3,5-triphenyltetrazolium chloride was reduced by dehy- 
drogenase and cdactor 'NADH 1 in myocardium for being formazan dye. Therefore, 
normal tissues had brick-red color thereby. On the contrary, infract zone without dehy- 
drogenase or cofactor was not brick red because 2,3,5-triphenyltetrazolium chloride 
was not reduced 

[532] A normal area and an infarct zone of each slice were determined by investigating 

the coloring of tissues by 2,3,5-triphenyltetrazolium chloride by taking advantage of 
the method used for AAR measurement. All the infarct zones of each slice were added 
up, which was divided by the total weight of AAR or the weight of a whole left 
ventricle, resulting in IS(%) represented in the below Mathematical Formula 2. In the 
test models of the invention, the lower IS(%) was, the stronger the antiischemic effect 
of a test compound The results were shown in Table 4. 

[533] 

[534] [Mathematical Formula 2] 

[535] IS(%) = (Sum of infract size of each slice)/(TotaI weight of left 

ventricle or AAR) x 100 

[536] 

[537] [Table 4] 

[538] Antiischemic activity (in vivo test using rats) 

[539] 
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[540] 

[541] As shown in the Table 4, in ischemic myocardial injury models prepared from 

white rats, myocardial infration size was significantly decreased by compounds of the 
present invention. Particularly, myocardial infration size to AAR (IS/AAR, %) was 
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58.6% in a vehicle-administered group, suggesting that myocardial injury by ischemia 
was very serious. And myocardial inf ration rates in a control group treated with 
cariporide at dfferent concentrations of 0.1, 0.3, 1.0 and 3.0 fflg/kg were 40.5, 37.9, 
35.4 and 27.4% respectively, indicating that damage by ischemia was significantly 
reduced cbse-dependently. The compounds of Example 2, 5, 14, 23, 28, 30, 34, 35, 36, 
38 and 39 showed under 40% myocardal infration rate by the administration of 0.1 
mg/kg, which were similar or greater cardioprotective effect than that of cariporide 
(35.4%). In particular, the compound of Example 42 showed 28.4% infarction rate by 
the administration of 0.1 mg/kg, which was very excellent ischemic cardioprotective 
effect, and the compound of Example 49 also showed very significant ischemic cardo 
protective effect by the administration of 0.1 and 0.3 mg/kg. The compounds of 
Example 6, 9, 24 and 25 showed 40.4, 40.3, 41.2 and 43.0% myocardal infarction rate 
by the administration of 1.0 mg/kg, indcating significant reduction cf infarction rate 
comparing to that cf negative control. The compound of Example 6 showing better im- 
provement cf cardac fiinction than cariporide in the isolated ischemic heart model cf 
Experimental Example 3, represented rather reduced myocardal infarction than 
cariporide in an in vivo model but it was still significant and cbse-dependent. The 
compound of Example 2 showed highly improved cardac fuction cbse-dependently 
compared to cariporide in the isolated ischemic heart model cf Experimental Example 
3, and in the case cf in vivo ischemic heart model as shown in the above table 4, it 
reduced myocardal infration as effective as cariporide at 0.1 mg/kg and better than 
cariporide at 0.3, 1.0 and 3.0 mg/kg. The compounds cf Example 38 (IC : 0.09 uM) 

50 

and 39 (IC : 0.06 uM), which were 10 times as potent as cariporide (IC : 1.0 uM) on 

50 1 50 

NHE-1, showed 27.5% and 27.2% myocardal infration rate by the administration of 
1.0 mg/kg, which were significantly greater effect than that (35.4%) of cariporide. 
Especially the compound of Example 39 reduced myocardal infration to 35.4 and 
32.9% even at low cbse of 0.1 and 0.3 mg/kg, suggesting that the size of myocardal 
infration resulted from ischemia was significantly reduced comparing to cariporide. 
The compounds of Example 2, 34, 35, 39, 42 and 49 also showed significant 
myocardal infration limiting effect even with the low cbse of 0.1 mg/kg, compared to 
negative control. In conclusion, the compounds of the present invention reduced 
myocardal infration rate in an in vivo ischemic heart model, indcating that they have 
excellent cardoprotective effect. Thus, the compounds of the present invention can be 
effectively used for the prevention and the treatment of ischemic heart dseases such as 
myocardal infration, arrhythmia, angina pectoris, etc, and also a promising canddate 
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for a heart protecting agent applied to reperfusion therapy or cardiac surgery including 
coronary artery bypass graft, percutaneous transluminal coronary angioplasty, etc. 

[542] 

[543] <Experimental Example 5> Acute toxicity test in rats via oral administration 

[544] The following experiments were performed to see if the compounds cf Formula 1 

of the present invention have acute toxicity in rats. 

[545] 6-week old SPF SD line rats were used in the tests for acute toxicity. Compounds cf 
Example 1~47 were suspended in 0.5% methyl cellulose solution and orally ad- 
ministered once to 2 rats per group at the cbsage cf 10 mg/kg/15m^. 

[546] Death, clinical symptoms, and weight change in rats were observed, hematological 

tests and biochemical tests of blood were performed, and any abnormal signs in the 
gastrointestinal organs cf chest and abdomen were checked with eyes during autopsy. 

[547] 

[548] The results showed that the test compounds dd not cause any specific clinical 

symptoms, weight change, or death in rats. No change was observed in hematological 
tests, biochemical tests cf blood, and autopsy. The compounds used in this experiment 
were evaluated to be safe substances since they eld not cause any toxic change in rats 
up to the level of 10 mg/kg and their estimated LD values were much greater than 100 

50 

mg/kg in rats. 

[549] 

[550] The compounds cf the present invention can be prepared in various formulations 
accordng to the purpose of use. Followings are the examples of formulations 
containing the compounds cf the present invention as an effective ingredient, but the 
formulations are not limited thereto. 

[551] 

[552] Manufacturing Example 1> Tablets (drect pressurization) 

[553] 5.0 nig cf active compound was passed through a cieve, to which 14.1 mg cf lactose, 
0.8 mg cf crospoviebne USNF and 0.1 mg cf magnesium stearate were added After 
mixing them all, the mixture was pressurized, resulting in tablets. 

[554] 

[555] <Manufacturing Example 2> Tablets fwet granulation) 

[556] 5.0 mg of active compound was passed through a cieve, and then mixed with 16.0 
mg cf lactose and 4.0 mg of starch. 0.3 mg cf polysorbate 80 was dssolved in distilled 
water and proper amount of the solution was added to the above mixture, followed by 
granulation. The granules were dried and cieved, and then mixed with 2.7 mg of 
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colloidal silicon doxide and 2.0 mg cf magnesium stearate. The granules were 
pressurized to prepare tablets. 

[557] 

[558] <Manufacturing Example 3> Powders and capsules 

[559] 5.0 mg cf active compound was passed through a cieve, and then mixed with 14.8 
mg of lactose, 10.0 mg cf polyvinyl pyrrolicbne and 0.2 mg cf magnesium stearate. The 
mixture was put in solid No. 5 gelatin capsules by using a proper appatus. 

[560] 

[561] <Manufacturing Example 4> Injectable solutions 

[562] Injectable solutions were prepared by mixing 100 mg cf active compound, 180 mg 

cf manitol, 26 mg of Na HPO .12H O and 2974 mg cf distilled water together. 

2 4 2 

[563] 

Industrial Applicability 

[564] As explained hereinbefore, the compounds cf Formula 1 cf the present invention 

were confirmed to have potent NHE-1 inhibitory effect, to improve recovery cf cardiac 
function from damage caused by ischemia/reperiusion in an isolated ischemic heart 
model and to show excellent cardioprotective effect by reducing significantly the size 
cf myocardial infration in an in vivo ischemic heart model. Thus, a pharmaceutical 
composition containing fiirancarbonylguanidne derivatives represented by Formula 1 
cf the present invention and their pharmaceutical^ acceptable salts as an effective 
ingredient can be effectively used for the prevention and the treatment cf ischemic 
heart diseases such as myocardial infration, arrhythmia, angina pectoris, etc, and also a 
promising candidate for a heart protecting agent applied to reperfiision therapy 
inducing thrombolytics or cardiac surgery inducing coronary artery bypass graft, per- 
cutaneous transluminal coronary angioplasty, etc. 



